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Another "NEW DEPARTURE’’! 


Pocket-size calculator 


calculated to cut costs! 


Prices at your finger tips for over 100,000 different bearings! This 
“new departure” in the bearing industry lists basic engineering 
data, simplifies ball bearing selection, helps engineers figure 
design costs. 

Instant information is available on New Departure’s complete 
line of standard industrial bearings . . . and most important, the 
calculator cuts costs for buyers by spotlighting savings with 
low-cost, high-volume standardized ball bearings. 

Ask your New Departure sales office about it... it’s another 
New Departure “‘first”’ in ball bearings! 


NEW DEPARTURE @ DIVISION OF GENERAL MOTORS e BRISTOL, CONN 
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KEEP WINDINGS IN PLACE! 


Effortlessly... Firmly 


CURVE-FORMED SQUARE-FORMED 
STYLE STYLE 


FORMED FIBRE WEDGES 


More and more motor manufacturers are 
specifying INMANCO formed fibre wedges 
for reasons other than their low cost, such 
as. 


TOUGHNESS 


The hardness, tensile strength, and com 
pactness of INMANCO formed fibre wedges 
resist the damaging effect of tremendous 
pressure and surge exerted by windings dur- 
ing high speed operation of motors 


SPACE-SAVING 
INMANCO formed 


space-saving, hollow U shape that permits 
placing more windings nearer the top of 
motor slots where the field is strongest. 


fibre wedges have a 


SHAPE-HOLDING 


Superior dimensional] stability and springi 
ness are other advantages of INMANCO 
formed fibre wedges. Because their walls are 
springy, they press firmly against slot cell 
walls and don’t twist out of place. 


INSULATION 


MANUFACTURERS 
CORPORATION 


INMANCO Formed Fibre Wedges can be supplied in cut- 
to-length pieces that match your motor slots for quick 
assembly—ideal for production work. They are made 
either with straight saw cut ends or die cut which permits 
bevelling. INMANCO Formed Fibre Wedges are made in 
21 standard sizes, in two space-saving shapes. One shape is 
curve-formed for curved-top slots, while the other is 
square-formed for rectangular-top slots. Standard length 
is 48 inches, 250 feet per moisture-proof package. Econom- 
ical bulk packaging is available when quantity allows. 


INMANCO SELECTOR CARD 
With the INMANCO fibre wedge 
selector, selection of wedge size is 
simple. Just insert a sample wedge 
in the slot to get the right fit. Sam 
ples of 11 standard curve-formed 
sizes are on one side and 10 stand- 
ard square-formed sizes are on the 
other. Today, get your free selector 
card and bulletin on low cost, tough 
INMANCO Formed Fibre Wedges 
from your nearest IMC office. 


Selector for 
Inmance 


CHICAGO 6, ILLINOIS 
565 West Washington Boulevard 
Phone CEntral 6-7320 
CLEVELAND 14, OHIO 
1231 Superior Avenue, N.E. 
Phone SUperior 1-2310 
Offices, Representatives, and 
Distributors in Principal Cities 
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in This issue 


DUTY-CYCLE MOTOR SELECTION. 


are a designer of some form of heavy industrial machin- 
ery. On the basis of its 


Let's assume you 


reliability and 
resistance to abuse, your first choice for a power source 


ruggedness, 
is the squirrel-cage induction motor. Having made that 
choice, you then must decide on the horsepower rating 

a simple matter when the load is of a continuous duty 
character, not so simple when a “duty cycle” drive is 
involved. The latter term implies frequent starting and 
stopping, and the criterion of motor selection becomes the 
instantaneous temperature rise that occurs during acceler- 
ation and deceleration. You begin your analysis with 
the mechanics of inertia expressed in foot-pounds and 
end up with rotor and stator losses in watt-seconds that 
are then translated into temperature rise. In his step-by- 


step delineation of the problem, beginning on page 72, 
J}. W. Cook of Westinghouse delves into simple calculus 
to establish theory, but ends up with simpler algebraic 
forms. He assumes you are an application engineer 
(perhaps a mechanical) rather than a motor designer 
and tells you where you can find the motor constants 
to be filled in the formulas. Author Cook has gone 
further than other writers on duty-cycle drives by the 
addition of a detailed case history of an application 
where the effects of load inertia have to be taken into 


account. 


STABILIZED CAPACITORS. Hlectronix components, like 


many other devices, undergo a change in characteristics 
as temperature changes. When they are installed in criti- 
cal circuits these changes often cause out-of-tolerance 
operation. The classic answer has been to enclose the criti 
cal component and sometimes the entire equipment, in a 
constant temperature enclosure, The solution to the prob 
lem has been simplified during the last few years by the 
deveiopment of temperature 


compensating Capacitors 


having specific temperature coellicients of capacitance, 


positive, negative or zero, These capacitors are made 
possible by new and improved die eles tri materials such 
as some of the ceramics, plastics films, glass ribbon and 
various impregnants for paper. George Mistic tells us how 
to select and use the temperature compensating capacitors 


which may be used singly or in combination with other 


components to obtain uniform operation over a wide tem- 


perature range. The article begins on page 83. 


ADHESIVES AS “COMPONENTS.” 
gamut from simple glues to extremely complex chemical 
formulations. 


Adhesives run the 


They do a thousand and one jobs of 
joining and bonding essential parts in many diverse types 
of electrically energized products, finding their usefulness 
in a simple electric light fixture as well as in intricate 
automatic electronic assembly processes. A basic review 
of adhesives, their properties, and their areas of applica- 
tion is provided by Western Electric’s Arthur E. Kott in 
an article (page 87) that covers: 
1. Comparison of adhesive with other joining methods. 
2. Properties of 24 commonly used adhesives. 
Available test methods for adhesive materials and 
adhesive joints. 
Criteria for selection of adhesives for specifi 
applications. 
5. Preparation of surfaces for adhesive bonding. 
6. Examples of applications of adhesives. 


7. Automatic assembly possibilities using adhesives. 


CONSTANT FORCE BRUSH SPRINGS. Probably one 
of the most successful applications of constant force 
springs has been their use in brush holder assemblies for 
motors and generators. Due to the fact their load varies 
with deflection, conventional springs are unable to main- 
tain a constant load through all stages of brush wear. 
Unnecessary high brush pressures increase friction and 
accelerate both brush and commutator lower 
pressures give poor contact, cause arcing and increase 
electrical wear. The ideal solution would be to have a de- 
vice that provided a constant follow-up force. 

In addition to providing optimum and constant brush 
pressure throughout brush life, zero gradient springs 
have taken the Rube Goldberg look out of many a brush 
holder assembly and virtually eliminated the need for in- 
service checks and adjustment. To learn the hows, whys 
and wherefores of this new design tool see Mr. Hankonen’s 
article starting on page 94, 


wear; 


ELECTRICAL MANUFACTURING 





SERVO FUNDAMENTALS. Servomechanisms have be- 
come such an important part of the field of electrical 
controls that it is difficult to realize that the majority of 
graduate electrical engineers have never had a formal 
Most realize, 


however, the importance of the subject and have given 


course in servos. practicing engineers 
evidence of their interest in bringing themselves up-to- 
date on the technology of servos. This is not easy to 
do as anyone who has cracked a textbook on servos 
well knows. These books usually rely on extensive use 
of complex mathematics to develop servo theory and, 
hence, are poor competition for TV, the sports page and 
other human pastimes that some engineers have been 
known to indulge in. (We have never questioned the 
humanity of engineers, although some think of them 
as hairy individuals who never raise their eyes from 
book and sliderule.) To make a long story short, we 


have been aware of this situation and are making avail 


able a painless means for learning how to design simple 


servo systems. For details, see page 98. 

In case you have not guessed it already. Servomecha 
nisms are the subject of the cover art work. Thanks are 
due to the Ford Instrument Company for its help in the 
cover design. A Ford differential is illustrated as part of 
our idealized loop. 


PHASE-SHIFT GRID CONTROL. his is the second in 
the series begun last month on “Practical Circuits for 
Grid Control of Thyratrons.” The authors begin in this 
month’s installment to describe the phase-shifting grid 
circuits, which offer considerably more flexibility than 
the simpler types involving a change in the amplitude 
of the grid signal. The latter were the subject of the 
previous discussion. As the series proceeds, we are 
continually impressed by the depth of the study on 
thyratrons conducted by Messrs. Moyer and Chin. They 
have invested hundreds of man hours in unearthing 
thyratron circuits scattered through the vast accumu- 
lation of technical literature. Not that their articles are 
mere collections of circuits, because the authors have 


contributed a thorough evaluation of the performance 
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characteristics of each and every circuit. For your share 
of the benefits of this masterwork, turn to page 108. 


MICROFILM MACHINE. When a person looks at most 


small business machines from the outside, he is not 
likely to appreciate the amount of design ingenuity that 
has gone into it. The Burroughs-Bell & Howell Micro- 
[win is an example. Its functional streamlining makes it 
a beautiful thing, but it hardly reflects the ingenuity in 
the drives, the optics and the electrical controls. We'll 
tell you later 


whet your appetite for same, we'll list here a few of the 


about the design details. However, to 


features; the one machine permits recording, reading 


and duplication of documents; a single lens is used for 
both reading and recording; a complex control system 
makes the machine completely automatic and foolproof; 
and synchronized camera and document-transport drives 


assure sharp, clear pix. Now, turn to page 118. 


SOLDERING FLUXES. Like 


one ol those deceptively simple processes whose success 


gardening, soldering is 


can often be traced to a “green thumb.” Its extensive 
use, and even greater abuse, make it a subject of great 
importance. For example, would any designer permit 
variable resistors, bearing no relation to the functioning 
of a circuit, to be introduced between components with- 
out his knowledge? Probably not, yet this is exactly 
what happens (in varying degrees of course) when sol 
dered connections are made with conductive fluxes. The 
conductivity and corrosiveness of water-white rosin, acti 
vated and proprietary fluxes show surprising variations. 
lo find out how much, we recommend A. Z. Mample’s 
comprehensive evaluation of 20 currently available fluxes, 


page 124. 


MORE ON P-W ART WORK. 
for printed-wiring art work was required by The Emerson 


Electric Mfg. Co., 


enough in cost to be usable in experimental and proto 
type work. 


\ low cost procedure 


Armament Division—-in fact low 
\ dramatic reduction in. man-hour costs pet 
job unit from LOO man-hours to 4 man-hours was achieved 
by means of a new technique that utilizes a combination 
of Mylar film, special surface treatment, and a sprayed-on 
elastomeric coating. For concise details see Donald G. 
Heitert’s report on page 124, 


AUTOMATIC COMPONENT TESTING. With all the 


emphasis recently on assembly 


methods, it is only logical to expect some development 
of automatic testing 
offer a fertile field made in 


quantities and sold with various tolerances, 


automatic electronic 


methods. Electronic components 


because they are large 
Following 
manufacture, the components go through a sorting 
process to determine which tolerance group they belong 
in, with the closer tolerance units generally commanding 
a premium price. Often test equipment of this character 
is “home made.” To bring out the circuit design factor- 
involved in the design of such automatic test equip 
ment, one of the largest producers of electronic compo 
nents describes the circuit principles of a high produc 
tion and a medium production unit. If you are inter- 


ested see Charles Wellard’s piece beginning on page 129, 
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Research 
Horizons 


Plastics-Coated 
Metals, Ceramics 


Trend to pla tic-metal combination 


ilso pla tic material con 


tinue Work in vinyl-eclad steel as well 


is vinyl-clad aluminum and magnesium 


na already been noted Latest entry 
ims the field j i German proces 


known under exclusive lieense in- the 


{ite tute as “Whirlelad 
j Polymer Processe Iie Reading 
Penna ib diary ’ I hie Polymer 


{ orpor ition 


Licenses 


lhe polymer materials are prepared 
divided solid form specially 
developed for this proce No plasts 


i finely 
cizer ol olvent ire required il 
though some minor modifying agent 
lee incorporated Nvlon ind low 
outing have al 


been eflectively used Nvlon 


coatings on metal are tid to result in 


ite polyethylene 


finished part that have a dimensional 
tability uperior to that) obtained in 


Nylon coating on 


large parts can also provide the ad 


olid molded part 
intage of nylon’s inherent lubricating 
characteristic without the extra cost of 
omplet 


molding or fabricating the 


part 
With a polye thy lene 


ible to employ the inherent propertic 


outing itis pw 
of this polymer chemical and corro 
ion resistance plus excellent dielectric 
property 

ln reneral early ipplication have 
been in parts subjected to wear, Other 
materials can be used for these coat 


cellulose 
very lie ind the 


ing ueh a poly lyrene 
wetate and butyrate 
epoxy resin 

A standard licensin program ha 
been set up by Polymer Processe fo 
both equipment and proce The com 
pany will also undertake coating on 


1 job basis 


Research in Superconductivity. Test se! 
Re seure h I abora 


tories for studying superconductivity, one 


up in Westinghouse 


of the phenomena that occurs when ma 
terial ie ubjected to absolute zero 
273 C). For example, at this tempera 
ture, lead, tin, aluminum and vanadium 
have essentially no electrical resistance 
Superconductivity may be studied by de 
termining electronic specific heat in a 
range between | to 5 deg above absolute 
zero, Test specimens, about | in. diam 


m long are sUisypee nded from — fine 
nylon threads inside a chamber main 
tained in a vacuum of 10 mm Hg and 
immersed in a bath of liquid helium 
relrigerant An equivalent of 5 micro 
watt heat is supplied for about 30) se 
sufficient to raise temperature of spr 


cimen by about 0.05 deg 


Low-Cost Production Method 
For Titanium Rectifiers 


A novel manufacturing method patents 
for which are being sought. is back 
of a development program in titanium 
rectifiers at the Research Laboratories 
Newtown, Ohio. The 


expected to be sutheciently 


of Colorado, Ine 
method ts 
inexpensive to make commercial pro 
duction feasible 

Preliminary data indicate that over a 
joe riod of approximate ly 5OOO hy opera 
tion, forward voltage drop will not in- 
crease with time, while reverse current 
will increase about 5 per cent. Current 
densities of | amp per sq in. are said to 
have been consistently obtained. Val 


ues of up to : imp are expected on 


production units. There is no derating 


from 25 C to +200 C, indicating that 


ambient) temperatures and rectifier 


temperatures are both less critical than 
Ady in 


tages are thus seen where small units 


with other types of rectifiers 
are required for high-temperature 
operations, also in units for airborne 
operations where extreme temperature 


range are encountered 


ges 
Cell voltages range up to 30° volts 
rms. Peak inverse voltages range up to 
12 volts 


doubled in final production units. The 


This value is expected lo bye 


titanium rectifiers are in plate form 
ind have no area limits. They can be 
combined in stacks, halfwave and full 
wave units, in the same manner as 
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Problem: to stop a load faster than you can say “STOP!” 


Solution: the “STAR-KIMBLE SERIES “E” BRAKE” 


Split-second braking...every time... 
millions of times...with fewer 
adjustments ...less maintenance 


When production operations call for fast stops, you can 
rely on Star-Kimble’s new Series E Electric Brake. It’s a 
better brake in every way—better because these exclusive new 
features make it inherently stronger, simpler, more depend- 
able than conventional magnetic disk brakes: 


@ Studs supported at both ends for better shock load protection 
@ Low-loss magnet cuts power losses up to 80% 


@ Six coil construction makes unit easily adaptable to all volt- 
age supplies 


@ Low rate springs permit efficient operation at large air gaps 


@ Expendable friction disks deliver millions of smooth, posi- 
tive stops, can be replaced in minutes when finally worn out 


@ Compact—more braking power in less space 


Fits ‘‘C’’ Face brackets from 182 to 445 frames 

The new Star-Kimble Series E Brake fits any “‘C” face 
mounting, and shaft can be extended through cover for double- 
end operation. Brake is available in many torque ratings, 
either separately or as a completely integrated Star-Kimble 
Brakemotor. Write for Technical Bulletin C-11 


-» nearly half a century 
ee a Te power ~~ 
-— #ully staffed to help origina 
— ‘ ee solve any 
$i i production problems 1n roe 
a ot r-Kimble designs and builds 
rial ines generators, and complete 
a aaa packages, including controls. 


specialists 1n 


equipm 
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 *Patent applied for 


In these exacting applications... 

and many others, the Series E Brake or S-K Brake- 
motors insure dependable operation, minimum 
downtime for maintenance 
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RESEARCH HORIZONS 


SS 


selenium and copper-oxide types. Com 
plete life tests are now underway and 
pilot-plant production is being planned 
Pests cells up to 2 in. sq are available 


lor test purposes 


Problem 

Engineering 

Were you “pro” or “con” in reaction 
to our December issue Editorial (page 
89)? Its opening statement read 
Design engineering is essentially prob 
lem engineering.”? Well 
provocative “con” 
W Pike, Chief 

Wilcox Electric Company 
Mo 


“T cannot 


here’s a 
statement by Daniel 
Mechanical Design 
Kansas City 
wholly agree with your 
editorial “Problem Engineering,” which 
appeared in the December issue of 
ELECTRICAL MANUFACTURING Engi 
neering is the function of taking the 
state of the art as available at the 
time of production and processing the 
int to combine with on hand tooling 
tooling allowance, and competition. In 
the process of assimilating the state 
of the art, one or two minor items 
must be developed. These minor items 
are really quite insignificant in’ them 
selves yet over the nation and over 
many projects in each engineering unit 
the state of the art is advanced. Usually 
if not alway the developed item. is 
a principle discovered 20 years ago 
and not applied then. Any other attack 
is not engineering but research 

You don't prod deeply into selection 
and application of materials but use 
those you are familiar with and grad- 
ually add new methods and materials 
If you don't, the re-education of the 


plant is too expensive and cruel.” 


What is your opinion / 


Piezoelectric 
Relays and Filters 
Modified 


are utilized in piezoelectric relays that 


barium — titanate elements 


can be tuned to specific frequencies 
Applications are seen in telemetering 
and in specialized military communi 
cations equipment. Another application 
for barium titanate in prototype stage 
is a filter operating at i-f range for us: 


in TV or similar circuits 


Electromagnetic Pump 
Problems in Reactors 


Unclassified 180-page AEC 
“Electromagnetic Pump Sector Thermal 
Tests,” by D. B. Vail, Knolls Atomi 


Power Laboratory, Schenectady, N. Y., 
discusses several unusual methods used 


report 


to prevent undesirable hotspot winding 


10 


temperatures. The pump is employed in 
a high-temperature liquid metal system 
and initial study of the pump operation 
and design indicated that the winding 
temperature proved to be a_ limiting 
factor 

Iwo methods were tested to increase 
thermal conductivity betwen the wind- 
ing insulation and the- coolant: (a) 
low silicon steel laminations were 
copper-brazed to the backplate of the 
pump, and (b) a high silicon steel 
lamination stack with every fourth lami- 
nation of copper was soldered to the 
backplate of the pump 

Tests results indicated that thermal 
characteristics of both models were 
theory the 
model with soldered hac kplate should 


comparable, although in 
have shown superior characteristics. 
To reduce thermal conductivity be 
tween the high-temperature duct and 
the laminations, a heat barrier employ 
stainless steel 


ing a multiple-layer, 


strip and sereen combination proved 


superior to ceramic support pads in 


combination with air spaces 


Ultra-Thin 
Glass Paper 


\ tissue-like glass 
0.5 to 13 mils in thickness (widths up 


paper ranging from 


to 40 in.) has been developed by the 
Machine & 
pany. Made from 


American Foundry Com 


microglass fibers 
this material can be impregnated with 
irious resins 


Teflon 


ride and 


among them melamine, 


epoxy silicone. polyvinylehlo 


polyesters Since the plain 
paper contains as much as 95 per cent 
iir by volume, the impregnated sheet 
may contain as much as approximately 
95 per cent resin and the balance would 
eonstitute an inert carrier 

Electrical, chemical and mechanical 
properties will be determined by the 
type of basic glass fibers used and the 
impregnating resin. Applications are 
seen as surfacing sheets for high- and 


Also as a back- 


ing material for composite structures, 


low-pressure laminates 


is for example for mica. The material 
is trademarked Tissuglas. Details avail 
able from AM&F Commercial Develop 
ment Division, New York 16 


lonization Chamber 
Switch Design 


Switch designed especially for a 
radiation dosimeter provides a mechan 
ically simple and sturdy device to make 
and break electrical contacts within a 
a sealed ionization chamber. It is so 
designed that it may be operated en 
tirely from the exterior of this chamber. 
Operational purpose of the switch is 
to physically separate an electrode of 
the chamber from its terminal on the 
outer surface of the unit so as to pre- 


vent leakage caused by moisture be- 


tween the contacts. The details are 
S. Patent No. 2,716,168 

one of 4] patents currently released 
by the Atomic 
non-exclusive, royalty-free licensing. 


described in | 


Energy Commission for 


New High 

For Research 
Dollar 
Scientific research is likely io ring up 
a new record in 1956. Clyde Williams. 
president of Battelle Memorial Insti 
tute predicts a national outlay of $4.5 


volume for industrial and 


billion. He bases his prediction on a 
study of the relationship between re 
search and gross national product (total 
production of goods and services). For 
the past 25 years, Dr. Williams pointed 
out, research expenditures have been 
increasing faster than the total produc 
tion. During the last five years, research 
has averaged about 1 per cent of this 
figure. It should be at least 144 per cent 
in 1956, or about $4.5 billion on a basis 
of an estimated gross national product 
of $400 billion. 

Looking ahead still farther, Dr. Hal 
don A Armour 
Researe h 
gross national product in 1965 at $540 


Leedy. director of 


Foundation, estimates the 
billion and the research expeditures 
(at the rate of 1.1 per cent) as about 
$6 billion. 

If these 


come true, 


forecasts and predictions 
all research people and all 
the organizations that employ them 
should be in for a Happy and Prosper- 


ous New Decade——not to mention 1956! 


Perspective on 
Automation 


Definitions of automation have been 
popping up with increasing frequency 
from all directions. Not all of these 
definitions have been reasoned soundly, 
nor have they all been free from spe 
cial motives. It is thus refreshing to 
come up against the testimony of D1 
A. V. Astin, director, National Bureau 
of Standards, before the Congressional 
Stabiliza 
tion, Joint Committee on the Economic 
Report. 

“Automation is not new,” he said 


Subcommittee on Economi 


“It is the natural outgrowth of scien 
tifie research and development in the 
field of mechanization. It is new only 
in the sense that recent advances in the 
field of electronics and communication 
can now be applied to mechanization 

Dr. Astin also urged the committee 
to remember that the enlargement ot 
the nations productive capacity that 
results from advances in mechaniza 
tion are dependent in turn upon an 
program. “As we 


enlarged scientific 


grow,” he concluded, “we become more 
and more complex. Continued research 
helps us to cope with this complexity.” 


—A.E.J. 
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USEFUL | 
NEW DESIGNS 


included in Harry Davies’ 
275 Multi-Sized Interchangeable 


STANDARD 
— PLASTIC / 
\ PARTS SS" 


Shown in actual size, these six new 
standard parts are welcome addi- 
tions to an already well diversified 
selection of parts available at no tooling 
cost. A variety of hole sizes, thread sizes, set- 
screw, spring and knurled hole mountings, male 
and female metal inserts will enable you to prop- 
erly fasten these parts to your product. 
Dozens of standard phenolic colors to choose from 
—special colors to match your product if neces- 
sary — branded characters to individualize 
your design. 
Samples and prices gladly sent at your request. 


Write for our NEW 32-page standard parts 
catalog. 


Complete ENGINEERING, DESIGN, PRODUCTION and TOOL ROOM FACILITIES 


HARRY DAVIES MOLDING CO. 


1428 NORTH WELLS STREET % CHICAGO 10, ILLINOIS Jelephone Michigan 2-7240 
f 9 


Offices in Boston, Seattle, New York, St. Louis, Los Angeles, Milwaukee, Buffalo, Lansing, Cleveland, 
Indianapolis, Louisville, Memphis, Dallas and Toronto 





GENERAL ELECTRIC CONTROL COMPONENTS ON LARGE PANELS—-SUCH AS THIS STEEL MILL UNIT—-HAVE RECORDS OF OUTSTANDING 


Wide Range of General Electric 


LONG-LIFE CONTACTORS available in ratings 
from 11-2500 amperes, and can be specified 


mounted or unmounted 


PP Me 
tiny resisters to large contactors, are 
available for all types of control boards. 


ACCURATE RELAYS, ranging from general DEPENDABLE DC STARTERS available in all 
purpose control type to special relays, meet popular NEMA sizes help give your motors 
your own varying requirements complete protection 


STARTERS CONTACTORS RELAYS 


FE BRL AT CTRICA MANUPFACT 





PERFORMANCE AND RELIABILITY. 


Whether you build large steel mill panels 
or small panels for machine tools, General 
Electric’s complete line of easy-to-install 
control components will help cut valuable 
assembly time 

G-E contactors, relays, resistors, start 
ers, and rheostats have proven reliable 
in industry-wide applications. These con 
trol components are designed to give you 
top performance under all types of 
operating conditions 

Fast delivery is another reason why you 
should specify G-E control components 
Stocks of standard units are available 
from warehouses throughout the countr 
And, specially designed components re 
ceive particular attention at the factory 

If you have any problems concerning 
control components, experienced G-E en 
gineers are available to help you select the 
correct components to help you meet your 
requirements. Contact them at your near 
est G-E Apparatus Sales Office. General 
Electric Company, Schenectady 5, N. Y. 


Control Components Available 


RUGGED RHEOSTATS for field application 
are available in plate type construction for 
circuits up to 600 volts maximum. 


RESISTORS 


4, 


RELIABLE RESISTORS in sizes ranging from 10 
to 5000 watts are manufactured in single or 
multiple units to meet your particular need 


builders 


G.E.'s complete line of control components 
are used in large panels (left) or in small 
panels as shown above 


General Electric Company 
Apparatus Sales Division 
Section A784-2 
Schenectady 5, N. Y. 


Check below for further product 
information 


Starters Rheostats 
Contactors 


Relays Resistors 


COMPANY 


CITY 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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should 


know ®@ @ ©& about Star’s fabricating facilities for producing 


small electrical porcelain parts. There is practically no limit to 


FOR YOUR ENGINEERING FILES... 


These Star Lavolain® Cata- 
log Sheets contain complete 
engineering specifications 
for center and insulating 
bushings, and insulating 
washers and bushings. Write 
for your copies today. 
There’s no obligation, of 
course. 


the variety of shapes we can turn out to meet your simple 


or intricate specifications precisely . . . economically. 


More than 25 automatic presses, operating 24 hours a day 
are available to turn out millions of small parts. This means 
lower cost to you . . . faster service. Write for complete 


details, and a generous assortment of samples. 


the 


STAR 


porcelain company 


41 MUIRHEAD AVENUE, TRENTON 9, N. J. 


California Representative: Edwin E. Starr, 4101 Rhodes Ave., 
North Hollywood, Cal. STaniey 7-5879. 
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) for short 
REVOLUTIONARY TRANSISTOR® TRANSFORMERS 


has been the leader in miniaturization for over twenty years. In view of this, it was 
surprising to many people that UTC did not quickly bring out a series of transformers 
designed for use and comparable in size to transistors. Unfortunately, extremely miniature 
transistor transformers of standard construction had poor general characteristics, poor 
reliability characteristics, and were woefully inadequate for a large number of applications. 
Instead, UTC started a development program to evolve a new transistor transformer 
structure designed to provide full performance in extremely miniature size. The culmina- 
tion of this development is found in the new DOT series**. Listed below are the standard 
types of DOTS now being made and curves showing their general characteristics in typical 
transistor application. To fully appreciate the unprecedented performance of these revo- 
lutionary transistor transformers, the curves also show characteristics of similar size 
units now on the market. 


Special DOT units (some even smaller in size) are available on production order. 


High Power Rating . . . up to 100 times greater 
DOT-1 has 5% distortion at 100 mw, other mfr. 6% at 1 mw 1.3 x ACTUAL SIZE 
Excellent Response . . . twice as good at low end 
DOT-3 is down 1 db at 200 cycles, other mfr. is down 4 db 
Low Distortion . . . reduced 80%. 
DOT-1 shows 3% distortion where other mfr. shows 20%. 
High Efficiency . . . up to 30% better. 
DOT-1 has 850 ohm pri. resistance, 125 ohm sec.; othes 
mfr. approx. 1200 and 200. 
Moisture Proof. . . processed to hermetic specs 
DOT units are hermetic sealed compared to 
other mfr. open structures. 
Rugged .. . completely cased. 
DOT units can withstand all mechanical stresses. DOT CASE 


300 
r]. |. ea eee DoT-1 Anchored leads . . . will withstand 10 pound pull test Diameter 
One Stree Completery Heoreted from Con winding 
Pt baer Printed Circuit Use . . . plastic insulated leads at one end. Weight 


Lwametin 66hf EY Other variations available. 
me 


Type Application Pri Sec. 
No. Mw imp. Imp. 
DOT-1 interstage 50 40,000 5 1200 
20,000 5 800 

DOT-2 Output 100 600 

500 

DOT-3 Output 100 1200 

1000 

DOT-4 Output 100 600 

DOT-5 Output 100 1200 

DOT-6 Output 100 10,000 1000 

DOT-7 input 25 200,000 1000 3700 100 
DOT-8 Reactor 3.5 Hys. at 2 Ma. DC, 630 ohms. DC res 


115 


*DOT units have been designed for transistor applications only not for vacuum tube service **Pats. Pending 


UNITED TRANSFORMER CoO. 


150 Varick Street, New York 13, N. Y. * EXPORT DIVISION: 13 E, 40th St., New York 16, N. Y. 
CABLES: “ARLAB” 
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Most comprehensive V-Belt Drive 
handbook in the design field. 


You'll find real, usable value in 
every page of this remarkable collec- 
tion of V-drive data. Product of over 3 
years study and preparation, nothing 
has been omitted that might be of 
assistance to the engineer or designer 


Divided into seven informative sec- 
tions, this new Dayton Handbook is 
virtually a V-Belt encyclopedia which 
you'll use as basic reference for all 


your drive information requirements. 


Offering invaluable and complete 
data for the design of V to V drives, 
this new manual includes sections on 


speed reduction and speed-up drives 


with specific instructions and diagrams 


for unusual requirements such as V 
Flat, Fixed Center, Quarter Turn and 
Connector Belt drives. A detailed index 
provides “finger-tip” availability co the 
myriad of V-drive material offered in 
each of the seven sections. 
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Tables, Charts and Diagrams 
save hours of time-consuming 
computation. 


Listings of over a quarter million 
pre-engineered, standard V-Belt Drives, 
which meet approximately 95% of all 
requirements, practically eliminates the 
need for special designs. Easy to read 
Tables and Charts offer ready access 
Factors for 


to the Service various 


Drivers and Machines, specify the 
proper V-Belt Cross-Section to employ 
and provide data on Sheave Diameters 


and Basic Horsepower ratings 


, 
to rt th 
1 tore? 
por? 


f 
Fig. 8 
| th + th = Total Tension 
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Fig. 7 


Throughout the 180 fact-filled pages 


of this newest of V-drive design 
manuals are diagrams, formulas and 
examples covering every step in V-Belt 
Drive design, with a separate section 
devoted to designs embodying special 
requirements. Supplemental drive 
information includes such clear cut 
drawings as those shown above illus 
trating the forces acting on V-Belt 


Drives 
Guide to V-Belt Drive Calculation 


Typical of the useful information 
made available are the complete in- 
structions and accompanying diagrams 


on how to calculate V-Bele Drives with 


Z/ 


READER INQUIRY SI 


YEARS OF PROGRESS 


fixed centers, (see below) as well 


all other special or unusual drives 


Idler 
! . 

Min. idler Travel for 

Installation & Take-Up 


“| Figure 2b 
~ 


Determination of Bearing Loads 


The detailed treatment of all sub- 
jects is exemplified by the discussion 
of Bearing Loads (Section 6) offering 
formulas for determining Bearing Re- 
action Force created by belt tension 
Case problems and solutions are dis- 
cussed and shown diagramatically with 


clear sharp drawings similar to Figs 
11 and 12 


Whatever your drive design prob 
lem you'll likely find the answer in 
this new Dayton V-Belt Drive Hand 
book Clip the coupon for your copy 


and attach to your company letrerhead 


Seven Complete Sections 
Cover Every Aspect of V-Belt Use 


Section I introduces the subject of 
the development and use of V-Belt 


Drives. Six other sections follow 
gua > 


=. = as sua rs 
PAY AE V-Belt drives for Standard 
Motors—SECTION 2 


Supplementary Drives— 
SECTION 3 


ves 
od 
wnat ON ne 


a ovanere® ; a 


Sy 


— 


* get eve 
58 - ——— 
ay ee” U‘N-Flat Drives using existing 
Flat Pulleys—SECTION 4 


= How to Design V-Belt 
Drives—SECTION 5 


Special Design Informatio: 
SECTION 6 


Sizes, Interchange, Installa- 
tion and Maintenance 


SECTION 7 


p-------- 


Dayton Rubber Company 
industrial O.E.M. Division 


Dayton 1, Ohio 


Please have one of your representatives deliver my free copy 
of the new “Dayton Handbook of V-Belt Drive Design and 


Selection.” 


Name 


Company 


| 
| 
| 
| 
| 
| 
I tite 
| 
t 
! 
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PHELPS DODGE round, square and rectangular Formvar magnet 
wires are the result of the finest engineering and research. They 
offer better space factors, outstanding forming and winding 


properties, excellent abrasion and solvent resistance. When used in 


the proper design, Phelps Dodge Formvars permit quality improvements 


in the insulation system that result in reduction of over-all costs 


: maonel wire is you problem, consull Phelps Dodzse for the quickest, easiest answer! 
suppor 


e& Junior Achievement 
PUTTING YOUTH 


in BUSINESS 


First for lasing (luabiy—feom Mine lr Markee / 
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DOOGE FORMVAR HAS BECOME 


YARDSTICK FOR 
WIRE QUALITY?! 


Leader in Application Engineering 


Pioneered Development of Square and 


Rectangular Formvar 
Quality Controlled for Maximum Performance 


Experience Over Complete Range 


INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 





4 RUSH ...complete systems for noise or vibration measurement 


ee 


y 


Carrier keeps cool 


HIS PRODUCTION-LINE TEST of Carrier room air condi- 
cies units checks quietness of operation in a jiffy 
The Brush Spectrum Recorder automatically scans and 
records sounds from 35 eycles to 18,000 cycles per second 


in one-third octave steps. The complete test takes 
only 51 econd 


srush Sound Measuring systems can help you analyze 
and record noise, vibration, strain and other phenomena 
in the audio frequency range. The Brush versatile signal 


source and control systems provide complete facilities for: 


@ Automatic frequency response measurements 


@ Mechanical resonance tests 
le etup shown requires only a measurement 


@ Excitation and regulation of shaker systems for microphone and Spectrum Recorder 
environmental vibration testing 


Call your nearest Brush representative or write for 
bulletin “Sound Measurement”. Brush Electronics Co., 
Dept. C-2, 3405 Perkins Avenue, Cleveland 14, Ohio. 


BRUSH ELECTRONICS COMPANY 


In STRIAL AND RESEARCH 


PIEZOELECTRIC MATERIALS The complete noise spectrum analysis graphi 


cally recorded provides immediate, fool-proof 
and permanent measurement data 


MAGNE ne " 
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“Stop 


crying... 


I told you 


to use a 
Circie F 


switch!’’ 


We at Circle F have long realized that a high “QSP” rating 


Check the “‘QSP” rating before you buy—we at Circle F proudly 
is most important to a growing business 


boast that our “QSP” is among the highest 
@ Top Quality so that customers can depend on your product 


@ Excellent Service to help clients with electrical problems 
@ Lowest Prices to assure a good margin of profit. 


A complete line of switches are available in each of the classi- 
fications shown. For more information or individual consulta- 
tion fill out the coupon below 


f ? 
NO. L-42-E 4 NO. S-20-£ 
Single Pole —Medium Duty —One b> One Hole Mounting 
Hole Mounting — Slow Make and dee r 


Break —Solid “Fine” Silver Con 
tacts “Off” Position in center 


Slow Make 
and Break — Silver Plated Con 
tacts ‘Off’ Position in center 


NO. L-50-N NO. 2230 


Double Pole —One Hole Mounting 

Slow Make and Break — Solid 
“Fine” Silver Contacts —no ‘‘Off 
Position 


€ 


Snap-In Appliance Switch 


CIRCLE F MFG. CO 
234 West 44th Street 
New York City Dept. 9F 


[] Please send me catalogue of complete line of 
TRENTON N.J. Joie switches 
INCE 1904 $ %, 
SAVING YOU MORE SINCE 190 é J ‘ | Please have salesman call 
We 

10, wet Name 
Eastern Insulated Wire Corp. 
Wallingford, Conn. 


A subsidiary 


Address 


Telephone 


een 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVE! 





SPECIAL 


nothing can touch this winding 


Oil, acid, vapor, heat and pressure don’t affect this AC motor 
winding. It’s completely encased in a special, high-tempera- 
ture, chemical-resistant plastic. The windings are cast right 
in the plastic to make a single, solid, impervious piece. 


Of course, this winding goes into a special motor — one that’s 
designed to run in a pressurized atmosphere of inert gas, under 
constant exposure to a piping-hot oil splash and vapor at over 
200°F. Temperature-stabilized bearings, oil lubricated under pres- 
sure, and drip-proof, corrosion-resistant construction are some 
other design necessities for this unique 115-volt, 1/3 hp AC motor. 


Here is a typical example of ESCO’s unusual ability to design 
and build rotary electrical equipment to meet special customer 
needs. Whether or not your particular motor problem is this 
special, remember that ESCO’s twenty years of broad experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen to solve properly, the way you want it solved. 


Refer to Esco Catalog in section _ in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem . . . we'll be glad 
to show you how we would go about solving it for you. 


ELEETRUC (SPECIALTY CO. 


ee Rae 171 South Street, Stamford, Conn 
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Standarc 


2 wooo MULL 


PLANTS 


Offering Precision 


Fabrication of: a oe DS © car 


STEEL 
BRASS 


ALUMINUM CASES-COVERS 
COPPER 


MU METAL 


Including: 


CERTIFIED 
ALLOY WELDING 


CERTIFIED 
SPOT WELDING 


SILVER SOLDERING 
BRAZING 


* PRECISION DRAWN CLOSURES 


Call or write for prices QUALITY METAL STAMPINGS 
on standard closures or 
send drawings for quo 


tations on special parts SHEET METAL WORK 


or sub-assemblies. 


Ask for your copy 
of the new Hudson Catalog 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





THE NEW “48-FRAME”’ 
THAT GIVES YOU 
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MOTOR DESIGN 
INDUSTRIAL QUALITY 


Everything you asked for and 
more. Smaller, yes ... and better, 
too. Here is traditional Century 
dependability, smooth-running 
and quietness under load ...now 
skillfully engineered into the 
compact new “48-Frame” design. 


These great new Century “‘Indus- 
trial Quality” motors are now 
available in sizes from 1/20 to 


1/3 H.P.... developed specially 
for industrial users. 


SEE A SAMPLE of the New 
Century ‘‘48-Frame” motor... 
test one in your plant. Your Cen- 
tury representative will be glad 
to show you a graphic point-by- 
point comparison to answer any 
specific questions you might 
have. Let him show you how the 
smaller, lighter and better new 
Century “48-Frame” design gives 
you true industrial quality. Call 
or write your nearby Century 
District Sales Office or Author- 
ized Distributor. 


Performance Reed" 
MOTORS 
1/20 to 400 H.P. 


We Invite Your 
Comparison of... 

engineering— Weight savings up 
to one-third are made possible 
without “skimping”’ on the vital 
“active materials,” simply by elim- 
inating dead weight and using new 
materials, The result is smaller- 
diameter motors that are not merely 
“just as good” but actually superior 
to the famous Century “56-Frame.” 


compare materials — Genuine 
bonded "MYLAR" slot insulation is 
used... wound cores are dipped 
and baked in thermosetting insu- 
lating varnish... GLASTIC high arc 
resistance switch-mounting plate 
... light and strong, stress-relieved 
pressure-cast aluminum end- 
brackets, which machine true and 
stay true, 


16.5 Ibs. 23 Ibs. 


compare design —For time- 
saving maintenance, “GITS’-type 
oilers for sleeve bearings are 
placed high on the end-brackets, 
allowing easy oiling from either 
end of the motor... cluster-type 
integrally cast fan at the rear end 
of the rotor draws a steady stream 
of cooling air over the coilheads... 
“Square” stator iron permits air to 
pass between the core and shell, 
cooling the whole width. 


1806 Pine Street « St. Lovis 3, Missouri « 


Offices and Stock Points in Principal Cities 


READER INQUIRY & —, PRECEDING BAC 





New heat-treatment methods help 
High-Torque Unbrako socket set screws 
withstand up to 40% Higher Torques 


UNBRAKO SET SCREW 


—you can set them and forget them 


Research had proved that the tighter you seat a set screw the 
better it works. So we developed a set screw that could be tightened 
tighter than ever before without damaging the screw. One of the 
problems was developing new methods of heat treatment to elimi- 
nate decarburization, Decarb of course plays havoc with a screw. 
Put a wrench in the socket and you ream it. Run the screw into a 
tapped hole and you strip its threads. Try to seat it and its point 
shears off. These photographs are a study in contrasts. The 
UNBRAKO Is Clean, its grain uniform. There is no decarburization 

the ordinary set screw is suffering from an overdose of it, socket 
walls, threads and point are full of the telltale white spots. 


You can’t buy a better screw than an UNBRAKO. And you can’t 
get full high-torque performance without a “High-Titan’’ UNBRAKO 
Hex Key—the high-ductility, precision internal wrenching tool 
See your industrial distributor. Or write STANDARD PRESSED STEEL 
Co., Jenkintown 9, Pa 


RECOMMENDED SOCKET SET SCREW 
TIGHTENING TORQUES 
(Inch-Pounds) 
MINIMUM 


SET SCREW = SET SCREW DIFFERENTIAL 
SCREW SIZE UNBRAKO & c % 
#4 5 3.9 3.5 28 
#5 9 7.8 7.4 15 
#6 9 7.8 7.4 15 
#8 20 14.7 14.5 36 
26.5 25 25 
62 60 40 
122 32 
198 29 
309 23 
460 24 
1106 1] 
1540 18 
3660 9 
5025 8 


STANDARD PRESSED STEEL CO. 


eS 
UNBRAKO socker screw vivision Spo 
— wr 

JENKINTOWN PENNSYLVANIA 
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For Computers — 
This relay, designed to meet 
specific requirements, 
provides the ability to 
interrupt inductive loads 
through blowout coils and 
arcing contacts. A unique 
control combination obtains 
low resistance. 











ASUO 
the one source for 
RELAYS 
that offers engineers 
complete design flexibility 



























tiect nelay 
Extremely sensitive, for high 
speed response. “Brushing” 
of control leads — even 
momentarily — provides posi- 
tive relay operation. Avail- 
able, too, with time delay. 





The designer confronted with the specification of a relay has a genuinely 
unusual opportunity when he discusses his problem with an ASCO engi- 
neer. For the ASCO representative can suggest a relay for use as a unit, or 











Time Delay Relays 

Provide accurate, fixed time 
delays from ¥2 to 3 seconds 
when relay is de-energized — 
make power switching 
Yevices “chatterless.”’ 





as a control panel component, and meet the designer's need exactly 







ASCO offers both magnetically and mechanically held relays 
. both available with up to 12 poles normally open or normally 
closed — in 10 and 25 ampere sizes, AC and D¢ 


In addition, ASCO lists a highly diversified line of special pur- 
a pose relays as standard catalog items 


Finally, should any of these relays fail to meet specialized require- 
ments — ASCO will design and manufacture one or more that will. 














Close Differential Relays 
Operate on voltage or current 
differential of 2% — less if 
required, Adjustable drop- 
out is standard. Adjustable 
pick-up is available. 


And most important — 


For assured performance, ASCO Relays are current and voltage rated 






‘make’ and ‘break’. Almost unlimited pole combinations mean fewer 






relays in a system — more reliable operation. Adaptability of many proven i 


7 on to 
contact materials, arcing contacts, blowout coils and Class H insulating LEbLEs 


materials to ASCO Relays means suitability for all applications 





With this complete flexibility the designer can select a relay that meets 
his requirements, rather than have the relay limit his design. 






There's one source that solves virtually any relay problem — ASCO. 
Why not have the ASCO engineer call — or write outlining your relay 
problem. We'll be pleased to assist you. 








For Power Amplifiers 
This relay resists high inrush 
current of transformer 

loads — withstands severe 
arcing. Special contact 
material endures high 
ambient temperatures. 















Electromagnetic Controls 








Many application requirements are met and sur- This standard ASCO Mechanically 
passed with standard ASCO Magnetically Held Re- | Heid Relay —Bulletin 1256 —with- 
lays. For example, the Bulletin 1055 Relay adapts , stands severe shock and vibra- 
readily to such specialized control applications as tion—is used extensively for mo- 
control circuit transfer relays and mechanically bile units, central station control 
interlocked relays for reversing motors. units and circuit transfer relays. 
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R& M's COMPLETE 
“WEATHERIZING’ PROCESS 
GIVES IT LASTING PROTECTION 


| AGAINST MOISTURE 
= 


A recent plant survey showed that one of the 
principal causes of motor failure is humidity .. . 
moisture ...dampness. Obviously, this R&M 
‘All-Weather’? Motor was subject to more than 
simple humidity when it wascompletely “dunked” 
in a water tank and allowed to run for twenty- 
four hours. But the test was an accelerated ver- 


COVERED WITH WATER 
is still going strong! 


sion of what happens to motors over a period 
of months or years. 

This R&M Motor ran perfectly ... under 
water, after being taken out but still wet... 
and after being dried out! It’s an outstanding 
example of how R&M ‘“Weatherizing”’ pays off 
in more trouble-free motor performance. 

Just what is ‘‘Weatherizing’’? It’s a process 
where steel parts are undercoated with a special 
rust-resisting compound —dipped and then baked 
on; a method of spraying the entire shaft, the 
rotor and the fan to protect these parts against 
corrosion; a treatment for all cast-iron parts, as 
specified by the Armed Forces for motors used 
in damp or tropical locations; an elaborate sys- 
tem of pre-heating, dipping and baking the en- 
tire winding; special sealing of coils. 

Here’s a motor built with the extra care that 
gives you an extra margin of safety .. . available 
at a standard motor price! 


from I to 200 horsepower... 


if it's an R&M, it's the right motor! 


Frequency 
Converters, 
2'A to 15 K.W 
Direct Current, “>: 
lto7'A hp r 


RING MYERS nc 


Single Phase, | to 15 h.p 
SPRINGFIELD 99, OHIO © BRANTFORD, ONTARIO 
e Get more information on the 
Mail the coupon TODAY! 


finest motor your money can buy! 


Explosion-Proof, Totally Enclosed 
Fan-Cooled, | to 40 h.p 


“All-Weather” isa 
Robbins & Myers trademark 


Robbins & Myers, Inc., Springfield 99, Ohio En, 


Please send illustrated Integral Motor Catalog, showing all the 
extra features of R& M ‘‘All-Weather’’ Motors that are furnished at 
a standard motor price. We are also interested in 


Explosion-Proof Motors 
j , 
Name 


Single-Phase Motors Title 


{| Totally Enclosed 


Company 
Fan-Cooled Motors 


[] Frequency Converters Address 
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Sust lurn thet 
An ReM 


Just turn the key, and a Robbins & Myers cus- 
tom-designed motor starts the powerful new 
Mercury 4-cylinder-in-line Mark 55E 40 HP 
outboard motor, and also the popular 18 HP 
Mercury Mark 25E model. 


This outstanding electrical starter and generator sys- 


tem is the result of extensive research and design work 
by engineers of the Kiekhaefer Corporation, Fond du 
Lac, Wisconsin, makers of Mercury outboard motors. 
Rigid requirements were established on all parts to assure 
unfailing performance and long service under the condi- 


aU 


tions in which outboard motors must operate. 
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One of the most important single factors is the starting 
motor. It must operate on the 12-volt system, be com- 
pact, provide high torque. It must withstand the heavy 
starting load, rough handling, vibration, exposure to 
marine conditions. Kiekhaefer engineers handed the 
problem to Robbins & Myers motor design specialists. 


» 


These R & M engineers custom-designed the motor 
for the job. It develops 8/10 HP at 6000 RPM. It’s 
compact, with an overall length of 6 inches and outside 
diameter of less than 3% inches. Commutator, windings, 
and connections are specially designed for 12-volt service. 
The motor shaft is specially splined and hardened to 
resist sudden starting loads. The whole motor is marine- 
treated with special moisture-proofing to protect it against 
fresh and salt water, and tropicalized with fungicidal 
lacquer. 

Kiekhaefer engineers, after extensive tests, report that 
the R & M motor amply meets all the requirements. It 
has now been used on the Mark 55E and Mark 25E 
for millions of enjoyable hours. Users are enthusiastic 
about the smooth, unfailing performance of the ‘“Turn- 
the-Key”’ starting system. 


Above, cutaway view of the Mercury Mark 25E outboard motor showing 
location of the R & M starter, and, right, R & M matched motor parts cus- 
tom-designed especially for this application. Parts are marine-treated 
and tropicalized to resist salt water and fungus. 
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Starts this new Mercury outhoart 
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The Mercury electric motor starter is just one of 
thousands of applications that require a custom-de- 
signed motor. Robbins & Myers engineers specialize 
in integrating motors with your design problems in 
building a machine. 

We custom-design matched motor parts for portable 
tools, industrial equipment, appliances, office machines, 
many other applications. R & M engineers have de- 
veloped a special electric “slide rule’’ that cuts motor 
designing calculation time from months to days. The 
resultant cost and time savings are passed on to you. 


RM Motors and Motor Parts 
power many types of equipment 


Portable power tools . . . vacuum 
cleaners ... hedge trimmers and 
lawn mowers... police and air 
raid sirens...food mixers... 


How R&M Engineers coordinate motors with your machine design 


ROBBINS = MYERS, we. 


SPRINGFIELD, OHIO © BRANTFORD, ONTARIO 


It may be that an R & M standard motor will com- 
pletely meet your requirements. If so, we can select 
from our wide choice of types and sizes of complete 
motors or matched motor parts. 

But don’t be satisfied with an “‘off-the-shelf’”’? com- 
promise. Bring your problems to R & M—we'’ll work 
with you—in complete confidence—and you can be 
sure of getting the motors or motor parts that best 
meet your requirements. Call the nearest Robbins 
& Myers office—or mail the coupon below for com- 
plete information about R & M service. 





Fractional HP motors from 1/200 HP @ Integral HP motors to 200 HP 


Robbins & Myers, Inc., Springfield, Ohio 


pumps and compressors .. . elec- | Without obligation, please send me bulletins Name 
7 . on: 
oe > fo ele —— (J) Motor parts for portable tools 
Ors...tans...ol 
burners ... waxers and polishers. ( Universal motors Firm 
. ; () Capacitor Motors 
Mail This Coupon OO R @ M “All-Weather’’* Motors up to Address 
: : 200 HP 
.-- No Obligation 
g ] Please have a motor specialist call on me. 
City State 






*" All-Weather” is on R & M trademark 







HOW LOW-COST AUTOMATIC TRANSMISSION 


SIMPLIFIES CONTROL OF 


Warner Electric Brakes and Clutches 
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EASILY SOLVE POWER PROBLEMS LIKE THESE 


Electric Clutch for Grain Combine 
—Armature is mounted on drive pins to hub 
keyed to beater shaft. Rotor between arma 
ture and magnet is bolted to feeder 


sprocket hub. When stationary-mounted magnet 


drive 


is energized, flux passes through rotor and 


armature, which lock and engage platform 


drive. Remote control from operator's station 
permits instantaneous disconnect in the event 


foreign material enters the platform. 


Electric Brake for High Speed 
Moider—Pulley drive is from motor to jack 
shaft, to which brake armature is mounted by 
splined connection. Shaft passes through the 
magnet, which is lange-mounted to stationary 
machine casting. The magnet is energized by 
pushbutton, and the brake stops the jack shoft, 
cutter, pulleys, and motor in three seconds from 
speed of 7200 rpm. Former braking time was 


five minutes. 


Electric Clutch-Brake for Textile 
Machine — Clutch is mounted on cam shaft 
and to inside face of free-running sheave. 
Brake magnet is mounted to machine casting, 
and armature to clutch magnet mounting hub. 
Electric brake is instantly engaged when clutch 
stopping the 
warp beam. The sheave and clutch armature 
run freely on precision bearings until the start 
button is actuated. 


is deenergized, automatically 





Electric Clutch-Brake Coupling for 
Machine Tool— Mounted as a clutch-cou- 
pling between the motor and main drive spindle, 
the clutch and brake control rapid cycle and 
permit continuous operation of the motor. Brake 
armature is mounted to magnet mounting hub 
of clutch-coupling, attached to motor shaft, 
Brake magnet is mounted to motor housing. 
Clutch armature is mounted to driven shaft by 
gear-type hub. Stopping time is one second. 


Three Warner Electric Clutches, above, are mounted on the 
input shaft of the gear box. Armatures are mounted on drive 
pins to free-running gears on the through shaft. Magnets are 
mounted to hubs keyed to the shaft. Speed changes are 


made by engaging and disengaging gears which are in 
constant mesh, 


ELECTRIC BRAKES 
AND CLUTCHES 


Warner Electric Brake & Clutch Co. 
Dept.£ M, Beloit, Wisconsin 


Send for new bulletin describing 21 ways 
Warner Electric Brakes and Clutches are 


used to modernize machine drives. 
Name 

Company Name____ 

Address 


City 





ow To Reduce Electrical 
ontact Failures 


...and recog nize 
their causes: 


As is the case with many components, the suitability of 
electrical contacts in special applications is often deter- 
mined by laboratory testing of pre-production models. To 
aid the product design engineer in recognizing the symp- 
toms of some common causes of contact failure, the follow- 


ing may be helpful: 


TRANSFER—In d-c circuits, are erosion sometimes 
causes metal to migrate, causing a pit or depression in one 


contact and building a cone on the other. 


WELDING OR STICKING—Overheating sometimes 
causes contacts actually to weld to each other. Faulty con- 


tact opening or separation under a given force is the first 
hil nathan TRANSFER WELDING OR STICKING 
‘ ) 





ARC EROSION—A roughening or pitting of the contact 


surfaces, usually accompanied by blackening or discolora- 
tion sometimes showing spots actually melted. 

FOREIGN MATERIAL, DIRT, DUST, ETC.—Indicated Soon 
by irregular pits, roughening or discoloration on the con- dddddddddddddddddda 
tacts. Often mistaken for oxidation or are erosion. aX Coenes Foreign Metoriel, Bit, Gut 


MECHANICAL WEAR—An abraded or deformed ap- 
pearance on contact surfaces otherwise clean . . . that is — a . 
without attendant blackening or discoloration. : 

OXIDATION—A discoloration over the entire contact of cmeilis 
face, generally black, bluish, brownish or yellow. Usually WUMMUM Ma“; 


accompanied by marked increase in contact surface MECHANICAL WEAR OXIDATION 
resistance. 


Electrical Contact improvement is a never ending re- 


search job at Fansteel, and it’s almost a certainty that the 


A copy of this book is 


problem now in your design department has already been yours for the asking 
encountered, studied and solved in the Fansteel contact FANSTEEL 
laboratories. poner net 

For a quick, authoritative answer on any contact prob- NORTH er 
lem, CHECK WITH FANSTEEL. rant ie 





F561 


FANSTEEL ELECTRICAL CONTACTS DEPENDABLE SINCE 1914 
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to Prevent Crazing 





















OWA Ts 
RESISTORS 


Ohmite “Brown Devil” Resistors have been carefull 









PATENTED WELDED 


a le) 
Ohmite welded terminals provide 
a perfect and permanently stable 


electrical connection that..is-un- . 
affected by vibration or high 
temperature, 





designed to provide balanced thermal expansion All 
parts—core, resistance wire, vilreous ename | coating, and 
terminal band have a thermal « Xpansion that has been 
carefully matehed. Conse quently, Ohmite “Brown Devil 


Re sistors ¢ xpand and contract as a unit This eliminates 


crag king of the enamel, kee ps terminals firmly anchored HIGH TEMPERATURE 
and prevents the entrance of moisture STEATITE CORE 

PHE RESULT: You are assured high-quality resistor UC 
has excellent electrical character- 
istics, and a coefficient of thermal 
expansion that matches the other 
CCM La 


that provide the utmost in dependability under the 
toughest service. Specify Ohmite Brown Devils” on your 


next job. 


EXCLUSIVE 
\ HIGH TEMPERATURE 
@) 4 /\ /\ | 1 f- VITREOUS ENAMEL 
Le Keht with This special-formula enamel was 
é developed by Ohmite after exten- 
OMMTE MASRIFACTURING COMPANY, 3613 Howard Street, Skokie, Minis (Suburb of Chicago) sive research. Its thermal expan- 
- — — — sion is properly related to that of 


CM ee Pe lL 
resistance wire. 






RHEOSTATS + RESISTORS + RELAYS + TAP SWITCHES 


WON'T CHAR OR BURN! 


9) WALT 2 HIGH CURRENT 


ROTARY TAP SWI TCHES 


ALL-CERAMIC 
AND METAL 


‘ ideally 
They are available in the 
sccdilins tip: oh em ne 
The self. ; etal 
f tacts require no ——/ silver _ | 
one-piece case Gls ie dadtiestell bs 
heat or arcing. Two or three of these switches can 
OHMITE 
MANUFACTURING CO. 


3613 Howerd $1, Skokie, tli 
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with intricate angular 
cut-offs, molded of 


Ayother new product... mide bélter, 
(at Qrwer Cott loo) 


street-light socket 


G-E mycalex y A 


y 


NOW YOU CAN SPECIFY G-E MYCALEX for 
intricate electrical and electronic com- 
ponents! This street-light socket, for 
example, shows how General Electric’s 
Plastics Department molds this high-dielec- 
tric insulating material into truly complex 
shapes. Note the angular cut-offs — how 
inserts are molded right in! Using G-E 
mycalex rather than more costly conven- 
tional materials, the customer was able to 
obtain this part at a considerable reduction 
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right in for 


in cost. Additional savings were also made 
possible through the molded-in inserts and 
closer tolerances for faster assembly! 


How can G-E mycalex improve your 
product? For today’s trend toward higher 
operating temperatures and frequencies, 
G-E myealex provides a unique combina- 
tion of thermal stability, high are resistance, 
high mechanical strength, low loss factor. 
Recent developments in G-E mycalex fab- 
rication may help you achieve advanced 
designs or realize substantial improvements 
in your electrical or electronic products. 


Progress /s Our Most Important Prodvet 


GQ) ELECTRIC 


Threaded brass 
inserts molded 


easy assembly 







built to do just one servo control job... 


Like all Transicoil servo assemblies, this 
incremental positioner “does the job 
right’”” because it was designed for a 
ingle application ... by a company 
whose major function is to provide com- 
plete servo assemblies precisely engi- 
neered and manufactured to solve indi- 


vidual servo control problems. 


Of course, if you merely want servo 
An incremental synchro positioner f Nl find Tr: lnailta @ 
before wiring to header and hermetic COMPORENts, YOU fine ransicoll Ss con- 
sealing. The synchro rotor is stepped trol motors. motor-vear train combina 
in one or fifteen ET aa increments F 
clockwise or counterclockwise de tions, motor-gear train-generator com- 
pending upon which of four coils is : ; ee : 
LULA aa CL ee eee binations, and servo amplifiers built to 
iT eee ee 
ber of degrees or revolutions. The 
cylindrical member resets the synchro 


the highest order of precision and ac- 
co hen tk pang ae Pea as ee curacy. But it is in the “package 
to.the “reset” circuit engineering of unique assemblies that 
Transicoil’s experience and creative 
imagination offer the greatest value. 
And in most cases, these assemblies cost 
no more than the individual components 
would purchased separately. 

That’s why it pays to check your 
servo problems out with Transicoil first. 
Write outlining your problem, and ask 
for Transicoil’s new gear-motor bulle- 
tin. You’ll find it a mighty handy avail- 
ability guide in designing for tight 


production schedules. 


CORPORATION 
Worcester ¢ Montgomery County ¢ Pennsylvania 
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HEAVY 
EXTRUDED SHAPE 


Jw 


NK 


FOR THE STRONG 
ELECTRIC CORP. 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y 
Mills; Baltimore, Md.; Brooklyn, N. Y.; Chicago, Clinton 
and Joliet, Ill; Detroit, Mich.; Los Angeles and Riverside, 
Calif » Neu Bedford, Mass.; Newport Ark.: Rome, N. Y 
Sales Offices in Principal Cities, Distributors Everywhere 


KEADERK INQUIRY SERVICE CAKDS, PRECEDING BACK COVER 


The unusual thing about this copper extruded 
shape is that it saves money in first cost as well as 
in machining time. The double economy amounts 
to over 25¢ per pound. The large illustration 
shows the shape as supplied in the form of a slug 
or pre-formed disc, 144" x 5“. This begins as a 
long extrusion, from which Revere cuts the discs, 
and pickles them before shipping. 


The customer is The Strong Electric Corp., 
Toledo 2, Ohio, which originally tried plate and 
bar, but found costs were too high. Revere 
Product Engineers, Methods and Production 
Departments collaborated with the company on 
the problem, and were able to develop the un- 
usually heavy and economical shape. Strong 
reports a number of savings. One is that the shape 
is machined quickly and perfectly, with almost 
no rejects. This is due to the denseness and 
uniformity of the metal, a result of the high 
pressures exerted during extrusion. (Finishing 
operations include drilling bolt holes and cutting 
cooling fins.) As a secondary result of improved 
machining, the customer does not have to keep 
large inventories of metal to take care of spoilage, 
nor handle large quantities of scrap. Further, 
Revere supplies the discs in the correct thickness, 
eliminating a cutting-off operation for Strong. 
Incidentally, we are glad to supply shapes cut to 
dimensions, or in long lengths, as desired. 


The completed part is an obturator-probe, 
which fulfills a control and heat dissipation 
function in a powerful searchlight. Copper was 
chosen for its ability to conduct heat and resist 
corrosion. Revere will be glad to collaborate 
with you in your search for economies through 
the use of extruded shapes in copper and copper- 
base alloys, and aluminum alloys. 


Copper Extruded Shape, Veo" x 5", 


as furnished. 


Shape in place in a carbon arc 


searchlight mechanism, 





Visit us et the 
booths 770-772 


kings bridge armor 
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Aircraft-Marine Products, Inc. 
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laper 
parade 


Are you in step with the more progressive manufacturers 
of BUSINESS MACHINES— AIRCRAFT — GUIDED 
MISSILES ELECTRONIC EQUIPMENT—who have 
approved and are profiting by the use of 

A-MP TAPER TECHNIQUE? 


There is still room on the A-MP TAPER TECHNIQUE 

Band Wagon for you to join the leaders. You, too, 

can increase speed of assembly, improve reliability, 
and save money by using A-MP TAPER PINS, TAPER TAB 
RECEPTACLES, TAPER BLOKS and TAPER TIPS. 


And you'll be “cheered on" by the many alert 
manufacturers of electrical and electronic components 
who have modified their standard products to help you 
enjoy the advantages of A-MP TAPER TECHNIQUE. 


Make it a MUST to specify A-MP TAPER TECHNIQUE in 
your PROJECTS for 1956. 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


1 A-MP of Canada,ltd. Toronto Canada e 2. A-MP—Holiand N.V.'s-Hertogenbosch, Holland 


© 3. Aircraft-Marine Products (G.B.) Lid , London, England « 4. Societe A-MP de France, Courbevoie, Seine, France 


*Trademark 
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When you list these requirements for a relay: 


you’ve specified 


the Automatic Electric Class $ Relay! 


Class $ Relays are also available PLUG 
MOUNTED. ..to give these additional 
advantages: 


minimized inventory 


Manufacturers of process control equipment 
have standardized on plug-in relays. In 
that way a manufacturer can interchange 
the same basic relay in many of its models. 


fast, simplified 
inspection and maintenance 


Manviacturers of remote control assemblies 
specify “plug-in” relays; whole banks of 
relays can be removed in seconds 


adaptability 
to hard-to-get-at locations 


Manufacturers of machine tools with space 
problems use “‘plug-in" relays. Less clear- 
ance space is required for installation or 
removal of relay. 


Aix Va" 


ut 4X 
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For years the Class S Relay has been meeting conditions like these, and others 
just as exacting . . . distinguishing itself for dependability . . . amazing users 
again and again with its stamina. 

It’s used in aircraft to adjust propeller pitch and synchronize engines, to 
operate landing flaps and landing gear, to provide automatic pilot equipment 
with snap and accuracy. It’s used in guided missiles. In radio and TV, it is 
employed to select channels, to repeat pulses. It has hundreds of applications 
in manufacturing process control, computers, telemetering, automation. 

The Class S Relay probably has a space-saving, weight-saving, money-saving 
application somewhere in your products. We’ll be glad to send you complete 
facts and figures on this and the many other Automatic Electric relays. Ask 
for Circulars 1702 and 1803. 

Write: Automatic Electric Sales Corporation, 1033 West Van Buren Street, 


Chicago 7, Illinois. In Canada: Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities. 


RELAYS 


PRODUCTS OF THE 


SWITCHES 


INDUSTRIAL DEPARTMENT OF 


AUTOMATIC — T0aa0 0h 
CHICAGO 
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your manufacturing operations 
include potting, sealing, impregnating, 
laminating, bonding or tooling... 


Easy to use 


POW RISSUM 


can give improved mechanical Ka & 
and electrical properties .. . former Company, Brooklyn, New Yer. 
plus faster processing 


Because of their excellent mechanical and dielectric properties, 
Epon resins are important materials in electrical and electronic 
manufacture. Epon resins combine high strength with low 
shrinkage on curing and extreme dimensional stability. 


For potting, sealing and impregnating, Epon resins permit safe 
enclosure of delicate components, maintain high insulation 
e ide Section of magnetic amplifier coils em- 
resistance under extremes of temperature and humidity, bedded in Epon resin by Westing- 
and are resistant to chemicals. house Electric Corporation, Pittsburgh, 
Pennsylvania 


Epon resins laid up with inert fibrous fillers produce 
laminates that have excellent dielectric properties and can be 
sheared, punched, drilled and bath soldered. 


Solvent-free Epon resin adhesives, curing with contact pressure 
alone at room temperature, form powerful bonds between glass, 
metal, wood or plastic. 


Because of dimensional stability and impact resistance, Epon 
resins play the key part in making plastic tools such as forming 
dies, jigs, patterns, templates and fixtures. 


Write for “Epon Resins For Structural Uses.”’ Your letterhead Potting transformer with Epon resin at 
° ° ° « ‘lec . § . 
request will bring you a sample for evaluation. —— Inc., Santa Monica, 
(Epon resins are the epoxy polymers manufactured exclusively by Shell Chemical Corporation.) 


SHELL CHEMICAL CORPORATION 


CHEMICAL PARTNER OF INDUSTRY AND AGRICULTURE 
380 Madison Avenue, New York 17, New York 


Allenta - Besten + Chicage - Clevetsnd - Detreit - Heuston - Les Angeles - Newerk - New York - Sen Franciece - St. Levis 
1% CANADA: Chemical Division, Shelli Oli Compeny of Ceneda, Limited - Mentresi + Terente - Vencouver 
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@ Up to 30 pounds force. Push or pull. 
@ Full one inch stroke available. 
@ Decco shock-mounted for long life. 


@ High efficiency —silicon steel 
laminations. 


@ High moisture resistance. 
@ Shock absorbing bumpers cushion 
stroke. 


I.SERIES 


Your 
choice 
of 
mounts 


INDUSTRIAL SOLENOIDS 


Decco’s Series 50 offers more power—longer stroke with the same 


dependable quality and performance that has made Decco the top 


name in industrial solenoids. 


There is a Decco solenoid for every requirement. Built to give 


better service for a longer time. Solenoids engineered and modified Direct 


current 


to your requirements. Let us discuss your problems. chia 


For complete information write— 


YETROIT 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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How to detect and 
measure flange bending 
in gasketed joints 


A surprisingly large percentage of gasket leaks is 
caused by almost undetectable bending or bowing that 
occurs between flange bolts, according to tests conducted 
at the Armstrong Research and Development Center. 

Obviously, bending is most likely to be found where 
ange Ss are light whe re bolts are W idely spaced or whe re 
bolting pressure is high. But it can also occur in heavy 
Hanges, where bolts are not properly spaced 

Flange bending can cause leaks because it reduces the 
flange pressure on a gasket in the area midway between 
bolt holes and thus reduces gasket compression Also. it 
may cause extrusion of the gasket near the bolts because 
of the concentrated pressure in these areas 

There are three qualitative ways and one quantitative 
way that an engineer can determine if flange bending is 
taking place 


1) Pinpoint the leakage. It leaks originate at centes 
points between bolts, there’s good reason to believe 
that flange bending is the source of trouble 
Look for localized extrusion. Extrusion near bolts 
and not at midway points—indicates that flange 
bending is present 
Check for varying gasket adhesion. Flange pressure 
is one of the factors causing gasket adhesion. Con 
sequently, where pressure is greatest, greatest ad 
hesion should occur. If upon opening a leaky joint 
the gasket is found to be sticking more around bolts 


than at center, flange bending probably is occurring 


LOWER PART OF FLANGE ASSEMBLY 


TO QUANTITATIVELY MEASURE FLANGE PRESSURE 01 


sasket compression at any particular point, a simple vet 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


accurate “solder plug test devised by Armstrong researe hy 
engineers Can be used 

Drill several holes about 1/32 inch in diameter throug 
thickness of gasket to be tested. Insert in these holes 
evlinders o1 plugs of soft soldet Fig. 1) The plugs should 
be thick enough so that when the flanges compress the 
gasket. the plugs will also be compressed, Put gasket with 
solder plugs into flange and tighten bolts to desired torque 


Ope i the flange and measure thickness of solder plugs 
Fach plug obviously will measure exactly the same as the 
compressed thickness of the gasket at the point where it 
was located 

The extent of flange bending can be shown graphically 
by charting the solder plug thicknesses. (Fig. 2) If too 
much bending Occurs gasket will be overcompressed 
around bolts and undercompressed between bolts 

The percentage of compression can be easily calculated 
With this information 
it is possible to determine whether the gasket material is 


by using the formula in Figure 


within its recommended range at specific locations on the 
flange. The load-compression curves for the gasket mate 
rial in question may be used to estimate unit loads, But 
these are relative unit loads and not absolute values. In 
addition picking unit loads from load compression Curves 
18 applicable only to the compressible gasket material 


such as cork composition 


SEND FOR 24-PAGE GASKET DESIGN MANUAL 


You'll find other useful information on the design and 
use of vaskets in the new Armstrone Gasket Desion Man 
ual. Write for yur copy of this manual to Armstron 
Industrial Division, 7102 Inverso 
Street, Lancaster, Penna. For information on all Arm 


fron Gasket Material ee Sweet 


Cork ( ompany 


product dé won file 


(Armstrong 
GASKET MATERIALS 


_ used wherever performance counts 





& General Flectric 


More power per pound for the electrical industry... 


A simple heat treatment shrinks — 
and bonds Irrathene insulating — 
tape to encapsulate coil. Cu 

section shows how tape 
impermeable sheath 


G-E Irrathene® irradiated polyethylene seals motor coils 


against moisture, conductive dusts, most corrosive chemicals 


General Electric Irrathene irradiated 
polyethylene—a result of the new sci 
ence of radiation chemistry—now makes 
possible new Class A insulation for the 


electrical industry. 


Excellent electrical properties: Irra 
thene insulating tapes offer high corona 
starting voltages, low corona intensity 
levels, excellent voltage endurance, 
high dielectric strength and insulation 
resistance. Electrical properties do not 


vary with changes in humidity, even if 


coil is completely immersed in water 


High temperature resistance: Irra- 
thene tapes are non melting and are 
unaffected by short overloads at very 
high temperatures — withstanding even 


200 C and higher for limited periods. 


Low cost per gross yard: These tapes 
cost about the same, yard-for-yard, as 
varnished cambric, but because of bet- 


ter electrical properties, less insulation 


is needed; cost per coil is lower. They're 
easy to apply—either in hand or ma- 
chine taping operations. 


Many applications: The excellent 
properties of Irrathene insulating tapes 
are being utilized to improve electrical 
performance of wire and cable, trans- 
formers, capacitors, and other electrical 
equipment. If you are not now using 
Irrathene tapes, check the coupon for 
more information. 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 
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Insulation News & 


... through General Electric developments in insulation 


Flexible, void-free mica—available by the roll 


Mica—40 inches wide and a mile long! 


Customer Report: 


G-E mica mat is the modern form 
of mica insulation. Composed of 
myriads of tiny mica particles in 
continuous roll form, it offers the 
electrical industry many advantages 
over pasted sheet mica. It is far more 
flexible and uniform—completely 
free of voids. Less is needed for a 
given job, too -perhaps 25% less to 
insulate 10,000 volts. 


“40% savings in metal, 


Just off press! General Electric has 
just published a 20-page brochure 
describing 

this new form 

of mica insulation. 

Your copy is 

ready now. The 

coupon will 

bring it 

promptly! 


50% saving in cure time... 
with G-E PERMAFIL 73515” 


One of our customers, a manufac- 
turer of radio and TV transformers, 
calls G-E Permafil 73515 insulating 
varnish “the greatest single contribu- 
tion to lower transformer costs in 
twenty-five years.” Using 73515 and 
special impregnating techniques, he 
was able to redesign his transformer 


line to save 25% lamination weight, 
15% copper, and cut cure times in 
half. This customer reports that his 
new, smaller transformers operate 
more reliably at higher temperatures 
than his old line which was impreg- 
nated with conventional insulating 
varnish, Check coupon for details! 


TECHNICAL SERVICE AVAILABLE 
Technical service on insulation problems is readily 
available from General Electric’s nation-wide sales 
offices. For more information on any of the G-E insu- 
lating products described on these pages, just fill in 
and mail the coupon. 


| 
INSULATING VARNISHES « IRRATHENE® IRRADIATED 
POLYETHYLENE « SEALING AND FILLING COMPOUNDS 
G-E MICA MAT + VARNISHED CLOTH AND TAPES 
PERMAFIL RESINS - SILICONE INSULATION 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Courtesy, N. Y. Transformer Co., Inc 


General Electric Company 


Laminated & Insulating Products Department 
Section EM 2-6, Coshocton, Ohio 


Please send me more information on: [) Irrathene tapes 


(] Mica mat insulation [) Permafil 73515 


Name 
Firm 
Street 


City Zone 





DIE CASTING REPORT 


Half a million---or a few hundred 


---designing parts for die casting 
can pay off big! 


= 


Aluminum dial support: Annual produc- 
tion in the low thousands, but die casting 
this unit saved weight, assembly time and 


machining. As an integral part of every 
Radio Dial Housing: Production better than half a million. Features: thin walls scale, design changes are few; parts can be 


and cast retaining grooves for close fit. Non-corrosive zinc alloy. Mounting bosses, ordered from standing die, as needed. 
normally welded on steel, are integral Accurate cored recesses for tone control. 


Lou production item is well as those in the millions are often 
economical to die cast. What is the yardstick? There are many. 
Costs may be cut and production prolits increased where intric ate 
desi ign and difficult contours may be Impractics il by other means. 
Die cas ting mi ty Save On Mmé ichining; eliminate compone nt parts « and 
thus cut down as semb ly; provide more economik al type of surface 
for plating. No matter what your production schedule may call for 
—investigate die casting before you decide. Let Precision engineers 
show you what ¢ an be done in aluminum, magnesium and zinc to 
lower your cost 


Look for these two symbols when you deal 
with a die casting supplier. They are your 
assurance of quality castings and high pro- 
duction standards. Precision is a pioneer mem- 
ber of the American Die Casting Institute and 
one of the founders of the Certified Zinc Plan. 


Resists shock and torque: Plumber's tool teatures per- 
forated steel insert in zinc alloy frame. Production 
several thousand. Result: maximum strength, functional 
design at minimum cost. Chrome plating adds to wear 


FE esistance and sales appeal. 


PRECISION CASTINGS CO., INC. 
A SUBSIDIARY OF Harrisburg Steel @®) 


coseroeation 


FAYETTEVILLE, N. Y.— SYRACUSE, N. Y.— CORTLAND, N. Y.—NEW YORK, N. Y. 
CHICAGO, ILL.— CLEVELAND, OHIO —KALAMAZOO, MICH. 
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ALLIS-CHALMERS 
CONTROL AND 
Rae ay 


SWITCHES 


Mr Panel, Builder. here’s what 


you should look for in control 
and instrument switches 


FLEXIBILITY ACCESSIBILITY DEPENDABILITY 


ey 


Each pair of stationary contact Snap-on cover can be lifted off Positive contact motion and def- 


fingers is mounted individually. 
Unit construction facilitates add- 
ing stages and makes contact re- 
placement easy. 


—requires only a minimum space 
for removal. Arrangement of ter- 
minals permits wiring without re- 
moving switch cover. 


inite contact position are made 
possible through the use of 
square shaft and star-holed con- 
tact segments. 


Allis-Chalmers manufactures switches in a wide variety 


of types and contact arrangements to meet your specific 


requirements — with standard models available from 
stock. Write Allis-Chalmers, General Products Division, 
Milwaukee 1, Wisconsin. Ask for Bulletin 14B8112. 


A-4952 il 


ALLIS-CHALMERS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVE! 





of the 
- magnetic 


Magnetic Focusing 


of Picture Tubes firmament ! 


oee@ typical 
STACKPOLE 
Ceramagnet use 


Cave! new star 


Stackpole Ceramaynet rings 
used as the “heart of magnet 
picture tubs focusing unit in 
television sets, spell these ad 


Art Age 


@lower material 
costs by comparison 
with electrostatic fo 
cusing.(Material sav 
ings alone run from 
50« $] in actual 


instances.) 


° Faster, easier. more accurate 


fac tory fo« using of sets 


* Lower incoming inspection CERAMIC MAGNETS 
costs because of consistently 
high quality of magnetic tubes 


® Superior stable focusing : ‘ 
over entire face of large tubes. Ceramagnet, the unique new Stackpole ceramic magnet, mate- 


® Magnetic focusing readily rial excels in high resistance, repelling, aging and other essen- 


adapted to use of increased 
second anode voltages. Less tial characteristics. Its cost—well below that of conventional 
affected by voltage : . : . . . 
changes magnetic materials—opens important new engineering hori- 


® Longer tube life zons wherever positive, highly permanent attracting, repelling 
© Easy service ad or even “cushioning” might be utilized. 


justment when tube 
replacement be Ceramagnet units can be supplied in almost any desired 
comes necessary 7 : , 4 
shapes or sizes, Send details of your application for recom- 
Photo shows unique . 
' mendation and samples. 
magnetic focusing unit : 
made by Glaser- Steers 
Corporation, Belleville iy 


Electronics Components Division 
N. J. It uses a single 


Stackpole Ceramagnet 


ring 3% in diameter STACKPOLE CARBON COMPANY 


x “a thick 


St. Marys, Pa. 
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Olympic 
TELEVIIsION CROSLEY 


Sentinel 


Admiral 


CBS TV Sets 


HOW’S THIS FOR 
A CONTINUOUS 
PERFORMANCE 


hallicrafters 
RECORD? 


RADIO RECEPTOR QO ailing. 


been original components in leading radio and TV sets since 1948 


These famous trademarks represent just a few of the many long-time users 
of RReo. Selenium Rectifiers .. . The complete list reads like a ““‘Who’s Who” in 
electronics. 

We're proud of that list, and our old customers’ continuing confidence in our 
products. RReo, rectifiers constantly prove their dependability in every kind of 
performance test. 

When selecting rectifiers for your circuitry, remember that Radio Receptor 
units have been giving complete field satisfaction through the years in hundreds 
of different applications. The millions in actual operation today turn in the top 
performance you expect, month after month. Let us study your specifications now 
and offer recommendations. No obligation, of course. 


Semiconductor Division 
RADIO RECEPTOR COMPANY, INC. 
In Radio and Electronics Since 1922 
Sales Offices: 240 Wythe Avenue, Brooklyn 11, N. Y., Telephone: Evergreen 8-6000 


RADIO RECEPTOR PRODUCTS FOR INDUSTRY AND GOVERNMENT: GELENIUM RECTIFIERS * GERMANIUM DIODES 
THERMATRON DIELECTRIC HEATING GENERATORS & PRESSES * COMMUNICATIONS, RADAR & NAVIGATION EQUIPMENT 





Look mom...no hands! 


Mom died a thousand deaths when Junior 
free-wheeled his two-wheeler down Deadman’s Hill 


no hands, yet! 


Despite dire predictions, Junior grew up 


but he didn’t change a bit 


True, he’s outgrown his bike... more complex 
machines are his meat today. He’s designing industrial 
indicators, recorders and computers. .. automatic 
machine tools . .. six-figure process controllers 
Tomorrow, his dream of automation will come true 


in the completely automatic factory. 


Yes, Junior’s grown up, but his war-cry is the 


same ...“look mom, no hands!” 


REG. U. B& PAT. OFF 


Junior outgrew his bike when he 
discovered HELIPOT * precision poten- 
tiometers. Ifyou "re still riding in circle 4 
join Junior! You'll find that He lipot 
makes the most comple te line... linear 
and non-line ar...tn the wide st choice 

of sizes, mounting styles and resistances 
...that our engineers will gladly adapt 
standard models to your requirements... 
even design entirely new one 8 for you. 
For information and specifications... 


write for data file 202. 


- Helipot 


first in precision potentiometers 
Helipot Corporation/South Pasadena, California 
Engineering representatives in principal cities 


a division of Beckman Inatruments, Inc. 


J wxcx10» 
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VARTEX 


Bs, % 
sinous Tapes/havifg exceptiona elongatio 

‘ wel suited/or taping, harnessing ikregula 
d wines. Physical and 


ent, This tape ha 


a c 


OEM ITE TOP 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Is a Small Blower 
Your Problem ? 


... THEN CONSULT FASCO.. . FIRST! 


Fasco now makes small Centrifugal Blowers for 
use wherever efficiency-robbing heat must be 
eliminated . .. wherever air must be kept on the 
move. Many manufacturers of electronic 
equipment... commercial, marine, aviation and 
household ventilating apparatus... gas burners, 
dryers and furnace boosters ... depend on 
compact, quiet-running FASCO Blowers to 
DO THE JOB with maximum efficiency, 
minimum attention and cost. FASCO Centrifugal 
Blowers are available in output ratings ranging 
from 15 to 275 C.F.M. Consult FASCO about the 
application for your job... or design of a 
Blower to meet your requirements. 


TATC PRESSURE, CHES OF WATER 
1S (REE A AT 2800 Be 


ee Sz9 wR hee re a ¥ 


FASCO Fractional H.P. Motors 
are also readily adaptable to 
your uses. They’re static-free 
. cause no radio or TV in- 
terference. With oversize, 
self-aligning bearings, they 
run cool... require no atten- 
tion except occasional oiling. 
Availabie in FHP ratings 


. 4 from 1/500 to 
Oa a EE: Og 


This catalog gives complete 
data and specifications on 
FASCO Shaded Pole FHP 
Motors and Blowers, also 
new Permanent Split Capac- 
itor FHP Motors. A copy 
is yours for the asking. 


j ASCO INDUSTRIES, INC. 


ROCHESTER 2,NEW YORK 


RE EE 


rerrermrmrss (lOTORS ow BLOWERS 


pees 
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Trangitron 
DOO 


and 


SOO volt 


SILICON power 
rectifiers 


now available 


HIGH VOLTAGE TYPES 
TYPE P.I.V. Ide tb 
(Volts) (ma) (ma) 


= : a TM62 600 400 
Transitron’s high voltage silicon rectifiers are now available TM63 600 200 


in 500 and 600 volt grades. In addition, the production of a oe ee 2 
400 volt types has been expanded so that delivery is Ratings at 100° C 


now rapid. The 300, 200, and 100 volt silicon rectifiers 


are available from stock. STANDARD TYPES 


TYPE P.ILV. Ide Ib 

> > inv > ‘ > ore > i . (Volts) (ma) (ma 

If your requirement involves high temperatures, high volt seaga “ARRe) a) men 
ages, and high currents, the Transitron silicon rectifier 1N341 400 400 


Lowe od «ahh: 5 i 1N334 300 400 
offers a major improvement in reliability, efficiency, and 1N343 300 400 
miniaturization. Write for bulletin TE1321. 1N336 200 400 

1N345 200 400 


1N338 100 1000 
1N347 100 1000 


Ratings of 135° C 


Transitron = 33 =%r == - 


corporation 
melrose 76, massachusetts Glass Diodes Transistors Power Transistors Silicon Diodes _ Silicon Rectifiers 





Uses Unlimited 4+ 


Saves 87% in cost... 85% 
in space on tapping machine 


“Any other switch that would do 
this job would cost eight times as 
much and require a control box seven 
times as big,’’ according to the de- 
signer of the tapping 
which it functions as a master control. 


machine in 


A single “on and off’ Micro preci- 
sion switch must operate 96,000 
times a day under extremely close 
tolerances. Its performance is a 
dramatic example of the simplified 
design, operating accuracy and econ- 
omy which may be effected by the 
use of MICRO precision switches. 


In this instance the compact switch 
design and its extreme reliability 
over millions of accurate operations 
were important factors in itsselection, 


Five switches are '‘watchdogs”’ 
on automatic labeling machine 


MICRO precision switches are the elec- 
trically-operated ‘‘watchdogs’”’ which 
help permit an automatic labeling 
machine to operate at speeds of from 
90 to 180 bottles a minute. 


Located at strategic points they 
prevent picking label 
there is a bottle in position to receive 


up a unless 


it; stop the machine if a bottle is in 


position to be broken; and control 
the label picking and gumming me- 
chanisms. 


56 


Designers of this ingenious machine 
selected MICRO precision switches as 
important components because of 
their precise, dependable operation, 
their quick response to slight operat- 
ing force and sealed actuating 
plungers to resist entrance of dust 
and dirt. 


Switch indicates when bobbin 
needs refilling on fabric loom 


Automatic warning of empty bobbins 
on fabric looms has been provided by 
MICRO precision switches. If there 
is no filling on the bobbin, a feeler 
bar slides along the bobbin causing 
its upper end to press against the 
switch and signal the need for refilling. 


~~ 


The switch used for this application 
met these exacting requirements: 


e Rugged construction to withstand 
the constant to and fro movement 
of the lay (120 to 180 picks a minute). 


e Rugged wiring terminals to allow 
heavy wire attachments. (#16 
stranded or over). 


e Light operating pressure to allow 
slipping feeler tip lever to indicate. 


e Sufficient overtravel to allow feeler 
tip lever to slip without injury to 
the switch. 


Center stop motion on this same 
loom is controlled by two other MICRO 
precision switches, 


Provide flexible operation of 
automatic gear valve controls 


Nine MICRO 
used in a 4-train gear limit assembly 
to control automatically the opera- 
tion of valves air, gas, 
water and oil lines. 


precision switches are 


on steam, 


Eight of them permit adjustments in 
the gear train to open and close dif- 
ferent circuits with rotations of the 
drive shaft. The ninth cuts off the 
motor if the design torque load is 
exceeded. 


~« 


Design engineers selected the micro 
SWITCH units for this important ap 
plication because of (1) high elec- 
trical capacity; (2) extremely rapid 
make and break action; (3) provision 
of more electrical circuits and (4) 
small size to aid compact design. 


Switch "tells" level 
in bins and storage tanks 


A compact, sensitive, explosion 
proof switch was required by engi 
neers who designed an automatic 
level control for enclosed bins and 
tanks. 


‘Two switches are used in each instal 
lation to start and stop the conveyors 
and keep the stored material at the 
proper level. A plastic float ball is 
attached to the housing in which the 
MICRO SWITCH explosion-proof switch 
is mounted, Pressure of the materials 
against this plastic ball actuates a 
rod which in turn actuates the Micno 
SWITCH unit the 
electrical circuit. 


to open or close 


The MICRO SWITcH unit chosen is the 


smallest, most compact 


proof switch available 


explosion 
It provided 
the dependability, sensitivity and 
ruggedness this application de 
manded. It is also enclosed for pro 
tection against dirt and dust and for 


use in hazardous atmospheres, 
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MICRO Po 


---THEIR USE 


Saw, linet ecient 


ecision 


ene 


4 switches make gear 
hardening a completely 
automatic operation 


Gear hardening at the rate of 60 
per hour is really a sensational 
performance. This kind of unfail- 
ing performance through long sus- 
tained service depends on the 
precise and automatic control of 
the cycles of handling, heating, 
quenching and unloading. 


The MICRO SWITCH units shown 
were selected by the design engi- 
neers, to provide this completely 
automatic operation. 


Their selection was prompted by 
their precise operation, the ease 
with which they could be mounted, 


[ 


Send for new Catalog 83 on 
Industrial enclosed switches. 


READER INOULIRY SEKVICE CARDS, PRECEDI 


the water-tight connections pro- 
vided and the long-life trouble- 
free performance for which MICRO 
SWITCH products are famous. 


The switch selected is enclosed in 
a die-cast aluminum housing and 
has a roller arm actuator which is 
adjustable vertically at intervals 
of 0.18 degrees through 225 degrees 
. . . horizontally to any position 
through 360 degrees. A synthetic 
rubber boot covers the plunger 
and a gasketed bottom plate 
protects the enclosed switch from 
dirt, dust, and splash of oil or water. 


MICRO SWITCH 


iS A PRINCIPLE 


switches 


OF GOOD DESIGN 


Provides accurate multiple 
circuit control in jet aircraft 


This switch is | 

an assembly | 

of 16 submini- 

ature switches 

which is oper- 

ated by a single bat handle. 


Eight of the switches are operated 
with each direction of the toggle 
motion to control important elec- 
trical circuits in a jet fighter aircraft. 


The assembly provides an unusually 
efficient, compact, lightweight com- 
ponent. The subminiature switches 
are less than 4” long and weigh less 
than 1/15 of an ounce. 


MICRO SWITCH provides a full line of 
toggle switches to meet the widest 
variety of uses. Some are hermeti- 
cally sealed for immunity against 
altitude or environmental changes. 


—_——— 


Door interlock switch 


for electronic equipment 
Inthisdouble ¥ ig 7 
switch assem- 

piv, one 

switch turns | 

current off 

when the 

high-voltage 

cabinet draw- 

er is opened. 

The other 

flashes warn- 23 

ing if current 

is turned on \ 

manually while the door is open. 


The designer selected the MICRO 
SWITCH unit because of its small 
size and complete dependability to 
give sure, automatic protection to 
high-voltage equipment and personnel. 


Engineering Service is available to 


help you select the exact switch to meet your design 
problem. Call the micro switcu branch nearest you. 


MICRO SWITCH 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


In Canada, Leaside, Toronto 17, Ontario « 


aunt et 


Hy 


FREEPORT, ILLINOIS 
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WITHDRAWAL 
TORQUE... 


Greater resistance to removal holds 
Allenpoints tighter in your products 


Tests prove that ALLENPOINT Set Screws have 50% HIGHER 
WITHDRAWAL TORQUE than serrated point set screws 


#8 





DEEPER, CLEANER 


HIGHER WITHDRAWAL TORQUE 
WITH ALLENPOINTS! In 44” x 4” 
sizes, tightened to shear point of 
key, Allenpoints required 75 inch- 
pounds removal torque. Serrated 
point set screws gave up their hold 
at only 50 inch-pounds removal 
torque 


ONE MORE FULL THREAD WITH 
ALLENPOINTS! Compare, and you'll 
find that Allenpoints have one more 
full thread than same size serrated 
point set screws. That means greater 
holding power, especially in the 
much-used “square” sizes. 


SOCKETS WITH ALLENPOINTS! 


Allenpoint sockets are “pressur-formd” to preserve the 
long fibers of the steel uncut throughout the entire length 
of the screw. This makes a deep socket of maximum 
strength, in which the key seats with great exactness. 


Specify ALLENPOINTS for far greater holding power — 
the kind of fastenings that “stay put”. Genuine Allenpoints 
and other Allen fasteners are available from your Indus- 


trial Distributor 


standard items immediately, special 


items very promptly. Write for full information. 


You want maximum holding power from every set screw 
in your product. Here’s why you'll get that from 
ALLENPOINT O Set Screws: Allenpoints and serrated 
point set screws were recently compared in laboratory 
tests. They were the kind of tests you’d make in your 
own plant — random samples of each were chosen from 
regular stock boxes from distributors’ shelves. 

In each test, keys were tightened right up to the shear 
point — maximum tightening point for any set screw. 
In each test, 50% HIGHER WITHDRAWAL TORQUE was 
required to release the ALLENPOINT O Set Screws. 

Translated into your own product, this means more 
dependable fastening with ALLENPOINTS. 


ALLEN 


MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. 
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Wort pack. yout. produit 
int Lows Apae,? 


ELGIN can miniaturize 


your assemblies 


When conserving space is vital (as it is 
in timing and control devices, small 
actuators and other electro-mechanical 
devices) , call on Elgin’s broad experience 
and skills for help. Miniaturization of 
assemblies demands special abilities and 
facilities in order to save space while 
maintaining or improving performance. 
We can help you redesign your assemblies 
and provide the highly specialized skills 
and facilities for assembly on a low-cost, 
volume basis. Call or write for a 
consultation at your convenience. 


New Booklet Helps Solve 
Miniaturization Problems 
Write today for “Practical 
Miniaturization” —free 
booklet explains miniatur- 
ization at Elgin and how 

it can help you 


j/ 
j 


ORDNANCE DIVISION © Elgin, Illinois 


/ 
j 
| 
| 
i | 
\ 
\ 
‘ 


(( @ NATIONAL WATCH COMPANY 


‘ 
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PARKER Die Casting produces these 


20 Different Lengths In ONE 4-CAVITY DIE 


PARKER 
SALES ENGINEERS 


CHICAGO 49, Ill. 

Ollie J. Berger Compony ©¢ 2059 East 72 Street 
CINCINNATI, Ohic 

William H. Broxtermon © 2174 Buck Street 
DETROIT 35, Mich. 

Hodgson-Geisier Co. ¢ 18917 James Couzens 
GIRARD, Penne. 

DanielF. Marsh « 35 Chestnut Street 
KIRKWOOD 22, Mo. 

Edword F. Higgins, Jr. © 102 West Adams Street 
WILTON, Conn 

Girard L. Palmer © Belden Hill Rood 
SYRACUSE, N. Y. 

J.C. Palmer « 712 Stote Tower Bidg. 
BELLEFONTE, Penne. 

Warren G, Olson ¢ 420 East Linn Street 


Lower-cost die castings are the result of the die designer’s skill, 
experience and creative imagination. The die castings shown 
above are a good example. This part was required in 20 different 
lengths, each threaded on one end and countersunk on the other. 

The cost of producing multiple cavity dies for these 20 pieces would 
have been prohibitive. Parker solved the problem by designing 
one four-cavity die with removable cores of varying lengths. 

Just think of the savings! 

This creative skill in die design is just another example of Parker's 
most important product: Proving That Die Casting Cuts 
Component Parts Costs. 

In like manner, Parker may be able to save you money on your 
parts. Just call the nearest Parker sales engineer listed here 
or write the factory direct. 


Parker White Metal Company ©@ 2153 McKinley Ave., Erie, Pennsylvania 


high pressure 
ALUMINUM and ZINC 
die castings 
POWDERED METAL PARTS 
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for your motor-driven _. 


fs _ products 


- Cer 


a 


»y | Lightweight motor with 


efficient spur gear 
speed reducer. 


This motor is representative of the many specially engineered 
Lamb Electric Motors that are giving excellent service in a 
wide range of products. 


The reliability of Lamb Electric Motors results from proper 
design and careful manufacture, by personnel having many 


years of experience in the small motor field. Motor parts for portable 


electric tools and other 


Use of a Lamb Electric Motor frequently results in an 
1 , industrial devices. 


improved product and lower costs. May we demonstrate 
these advantages to you? 


THE LAMB ELECTRIC COMPANY KENT, OHIO 


In Canada: Lamb Electric 


Division of Sangamo Company Ltd Leaside, Ontario 


if you are interested in 
any of the above motors 
write and we shall be 


glad 
Ef. ri ° to send full information, 
scactionas nossaune HOT ORS 
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Three different switching position: 
actuating one or two circuit are made 
in only ',"' of plunger travel. Help your 
cost reduction program by using the new 


plunger switch, shown here in actual size. 


Try this Mallory Plunger Switch 
in Your New Product Designs 


EED something unusual in circuit switching for your prod- 
N uct? Take a look at this Mallory plunger switch. Compact 
in size and modest in price, it can be actuated by a knob, door, 
cam or any of a score of similar devices. Several switches can be 
grouped for simultaneous or sequence switching by a rotary 
cam. You can use it as a limit switch, with or without ‘‘dead 
travel” as SPDT or as DPST. 


Plunger travel is ',’’. In this short space, you can have three 
different switching arrangements of the controlled circuits 

in the released, partially released and fully depressed positions. 
It is possible, for example, to have two circuits opened or closed 
in sequence. Numerous other sequences are possible. Spring 
pressure can be supplied for many values over a consider- 
able range 


Capacity of the switch is 15 amperes, 230 volts AC; 20 amperes, 
115 volts; *, H.P. @ 115 volts; 1's H.P. @ 230 volts. Supplied 
with !,’’ wide x !y”’ thick spade terminals. Mounting requires 
only a single hole, using a spring grip washer . takes only 
seconds. Outside diameter is only 1''’. For complete data and 
prices, write or call Mallory today. 


Serving Industry with These Products: 
Electromechanical—Resistors © Switches ¢ Television Tuners © Vibrators 
Electrochemical—Capacitors ©¢ Rectifiers © Mercury Batteries 


Metallurgical — Contacts ¢ Speciol Metals and Ceramics © Welding Materials 


Many Switching 
Combinations Possible 


Two of the many sequences possible with the 
Mallory plunger switch are diagrammed here 
The upper series shows two circuits opened 
and closed in sequence as the plunger is de- 
pressed to full travel and released. In the lower 
series, a normally closed circuit is opened and 
a second circuit closed as the plunger is de- 
pressed. There is no stop at the intermediate 
position. The spring returns the plunger to the 
released position 


PARTIALLY FULLY 

DEPRESSED DEPRESSED 

(’%” travel) (%" travel) 
‘) ok 


os 


RELEASED 
POSITION 


M PR.MALLORY &CO Inc | 


MALLORY ACO Tt INO 


FEBRUARY 1956 ELECTRICAL MANUFACTURING 





Ta aes 
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PRESTOLE ea tee 


4 


Looking for a dependable, economical source for 
formed-metal parts? PRESTOLE is IT! For, in addition 
to supplying mass production industries with highly 
efficient thread-engaging fasteners, PRESTOLE also 
designs, tools and fabricates an endless variety of 
formed-metal parts, a few of which are shown above. 

These parts are made on latest model multi- 
slide and four-slide machines—capable of forming 
parts of extreme complexity, at high speeds, with 
gage-like accuracy. Parts are pierced, blanked, 
formed, swaged, embossed and assembled — auto- 
matically and without operator-handling. Tools for 
these machines may be built up in sections and 
placed in die sets, permitting easy adjustment or 
change of individual punches or dies, in case of 
design modification, 


PRESTOLE will not only produce parts of your own 
design, but also will provide full engineering 


in modern assembly methods are always ready to 
help solve your fastening problems. 


Therefore, whether your assembly requirements 
call for thread-engaging fasteners or formed-metal 
parts—PRESTOLE is ready to serve you. A phone 
call or letter will put us on the job at once! 


PRESTOLE 


CORPORATION 


1347 MIAMI STREET * TOLEDO 5, OHIO 


varemtae meres 


FASTEWMERS | 


The only formed-metal fastener with a full 
360° grip inte the reet of the screw thread. 


assistance. Design engineers who have specialized 


READER INQUIRY SEKVIE (, BACK COVE! 
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CRUCIBLE PERMANENT MAGNETS 


provide maximum energy. 


In designing magnetrons for radar systems 
or any very high-frequency oscillator applica 
tion — you can be sure of a consistently higher 
energy product with Crucible alnico magnets 
This means more power from a minimum size 
magnet! 
Crucible alnico permanent magnets are 
made to meet practically any size requirement 
from a fraction of an ounce to several hundred 
pounds. And they’re sand cast, shell molded 


.. Minimum size 


or investment cast to the exact size, shape, 
tolerance and finish you need 

Crucible has been one of the largest pro 
ducers of permanent magnets since the de 
velopment of alnico alloys. Its unsurpassed 
magnet experience is backed by over 50 years 
of fine steelmaking. That’s why the best solu 
tion to magnet problems starts with a call to 
Crucible. Crucible Steel Company of America, 
Henry W. Oliver Building, Pittsburgh 22, Pa 


CRUCIBLE first name in special purpose steels 
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Crucible Steel Company of America 


PURING 
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Battery Of Leesona No. 108 Coil Winders installed in the plant of Aeme Eleetri« 
( orporation, ¢ uba, N. ¥ Phe most advanced hand-feed coil winders ever designed 
Leesona No. 108’s wind 4 to 30 paper in ulated coils in stick form simultaneously. Note 


how conveniently the control ire located for quickly changing to a new coil pee 


of many 


one 
idvantave for peeding production on long or short run In et shows an Aeme 


Klectric precision wound luminou tubs transformer which feature coul that provide 


Ins MA 12 


OOO volt secondary 


At ACME ELECTRIC...Leesona coil winders 


provide new 


production advantages 


Vanager credits No. 108 winding equipment with new Leesona Many similar reports prove how 


. : ; No. 108 
machines with vital share ek lees OE ake os 


in increasing output Hlectric 


Transformers made by Acme Ele« **Leesona No. 108 Winders are do- 
a great job of expanding our 


tric Corporation are used ino a wide ing 


Hand-Feed Coil Winders Leesona No. 108 Coil Winder the 
Nem most aecurate, flexible and economical 
ends the following report hand-feed winder ever ce veloped 

are bringing important benefit that 


can save you time and money, too 


haath il equipment, in Calle call production, kor short runs on a Get the W ‘hole Story 


wide 


TV and other electron apparatu 


varicty of coil types, the 


quick-change features of these The coupon below will bring you 


rectifier neon signs and fluorescent machines are unequalled. We're complete facts on Leesona No, 108 


lighting. To meet increased demand getting excellent results in both ( 

quality and quantity from the ae ‘erw | 
: ( winding 

curacy, casy operation and fast eipru «CON Minding information 

winding speed of our new L08?s.”’ Why not check and mail it today? 


for its products, Aeme Electric re 
cently replaced old hand-feed coil 


FOR WINDING COILS 
IN QUANTITY... 
ACCURATELY ...USE 
LEESONA WINDING MACHINES 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


oil Winders together with other 


y 


_ 238. ‘1.6 


UNIVERSAL WINDING COMPANY — 


- BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 132 


Please send me 
Bulletin on the Leesona No. 108 Hand-Feed Coil Winder 


Condensed catalog of Leesona Winders 


Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern 


coil winding machinery 
Name. 


Company 


City Zone... .State 
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Before buffing. Note the 

high quality surfaces on these raw 
Doehler-Jarvis die castings for Black 
and Decker’s new 4%” Utility Drill 


Flack’ Decker 


“do-it-yourself” family 
make merchandising history 


How Doehler-Jarvis helps 


<> 


After buffing. 


Front photo shows mirror 


Millions of ‘‘do-it-yourselfers” got theit 
start with a Black and Decker power tool. 

What makes people reach for a B & D tool? 
...not only men, but women, too? 

B & D says, “Good looks, good design, 
good quality, good price!” 

Doehler- Jarvis die castings help Black and 
Decker achieve all four. 

That eye-catching finish, for example. It's 
not chrome. It’s “as-cast’”’ aluminum, buffed 
to mirror brightness in one operation. No pre- 


finish attained 


Doehler-Jarvis die casts power tool 
that buff to a mirror finish in 


grinding. No roughening. No grease wheel- 
ing. Not even a final buffing after assembly. 


What's the secret of this quality finish? 


Some people just point to a raw Doehler- 
Jarvis casting. “Look at that ‘Hardware’ sur- 
face,” they say. “Not a dent. Not a blemish. 
Not a flow mark. It's even hard to tell where 
parting line and flash have been removed.” 

And certainly Doehler-Jarvis does give 
Black and Decker a casting they can work 
with. But you should see Black and Decker’s 
buffing set-up. It’s fully automatic, fully con- 
trolled. Air conditioned, without a speck of 
dust. Few concerns go as far as B & D to in- 
sure high quality buffing. 


Reality lies somewhere in between 
Achievements like this are to be expected 
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housings 
one operation 


when a closely knit relationship develops be 
tween engineers of two companies over many 
years of product development. 

Hardly a Black and Decker tool has not 
benefited in one way or another from this 
fruitful relationship. From it hascome lighter 
weight, higher precision, increased strength, 
simplified and lower cost production, many 
performance improvements. And Black and 
Decker takes full advantage of the flexibility 
of die castings to provide extra sales features 
and aid economy. 

Maybe this is the time for you to do as 
companies like Black and Decker, Singer, 
AMF, Underwood, York, and many another 
have done...time to initiate a profitable busi- 
ness and engineering relationship based on 
the use of Doehler-Jarvis die castings. 


READER INOLIRY SERVICE CARDS, PRECEDING BACK COVER 


Doehler-Jarvis Division 


of 


National Lead Company 


General Offices: Toledo 1, Ohio 
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No. 185 Fan-cooled Pump Drive 


No. 190 Centrifugal Blower 


Small SPECIAL SERVICE A OTORS 


Since 1906 Hertner has been a leading supplier of specialized 

rotating electrical equipment to industry. Wherever top quality 
QUALITY is a design requirement, Hertner is your one reliable source. Strict Sicha cil ieee Matin 
—— ) military specifications for humidity, shock, vibration, temperature 

are consistantly met by Hertner 


The basic design of Hertner motors make them parucularly 
applicable for operation on 400 cycles. Designs for opera 
VERSATILITY tion at 2 to 1600 cycles as well as variable frequency motors 
are also available. At 400 cycles, the H.P. range runs from 


1/2000 to 15 H.P. R.P.M. ratings at 400 cycles range from 
0,000 to 4,000 5,200 to 1,700 at 60 cycles No. 178 Totally Enclosed Pump Drive 


There is great flexibility within each of the eight frame 


FLEXIBILITY diameters. This flexibility is utilized to obtain such types 
as 


precision geared-motors, light weight blower motors, 
pump and antenna drives, induction or synchronous 
motors, Motors are totally enclosed high shock 
resistant meet high temperature requirements and No. 167 Motor Alternator 
feature special corrosion resistant finishes, Serict military 
requirements are consistently met 


WRITE FOR BULLETIN 502 R2 THE HERTNER ELECTRIC COMPANY 


SMALL MOTOR DIVISION 


12690 ELMWOOD AVENUE CLEVELAND 11, OHIO, USA 


A SUBSIDIARY OF GENERAL 
PRECISION EQUIPMENT CORPORATION 


MOTOR-GENERATORS + AC 


Western Area Rep 

PACIFIC SCIENTIFIC COMPANY 

Los Angeles — Seattle — San Diego — 

Son Francisco — Portland — Arlington, Texas 


& D.C. MOTORS + A.C. & D.C. GENERATORS + HIGH FREQUENCY ALTERNATORS 


Eastern Area Rep 
R. B. BARNHILL & ASSOCIATES 
Baltimore — Camden 
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and we do it very wel! 


STRIP STEEL production is our specialty. From this you 
gain special benefits: experienced counsel on your strip 
applications...dimensional exactness...uniform quality, to 
speed product fabrication...the finish you want, in every 
coil. For superior quality and superior service in stain- 


less, spring, alloy or clad metal strip steels call Superior! 


J 
Superior Steel 
CORPORATION 


CARNEGIE PENNS YLVANI-A 





KLIXON 


Circuit Breakers 


For Dependability 
Under the Most 
Rugged Conditions 


[he new, powerful AE-156-CM Marine Radiotelephone 
manufactured by Applied Electronics Company, Inc., San 
Francisco, California, incorporates every element essential to 
dependable local and long distance radiotelephone per- 
formance 

lo insure the best in protection of power supply circuits, 
Apelco uses Klixon Circuit Breakers. Here's what Mr. S. S. 
Konigsberg, President, writes 


“You will note that there are five Klixon Circuit Breakers 
in use in the power supply. As the power supply is the 
source of current to motivate the radiotelephone, you can 
see how important it is to use reliable components. It 
must be able to perform at all times and under the most 
rugged circumstances. 

“Apelco has found that Klixon Circuit Breakers go on the 
job and keep on with the least possible attention. As we 
make over fifty different power supplies for the extensive 
line of radiotelephones we manufacture, you may see 
what an important part they are of our program.’ 


What's your control problem circuit protection, low or 
high temperature limitation, fuel delay, tube and rectifier 
cooling, fan or burner operation Klixon Circuit Breakers 
and Thermo-Snap” Controls are successfully meeting hun- 
dreds of requirements for a variety of such applications in 
military and civilian equipment, daily 

Klixon Circuit Breakers and Thermo-Snap Controls are 
available in hermetically sealed and open types with fixed 
temperature settings to meet your needs 

Our Field Engineers will gladly help you work out applica- 
tion details ... no obligation, of course 


LIXON 


METALS & CONTROLS CORPORATION 


SPENCER THERMOSTAT DIVISION 
102 FOREST STREET, ATTLEBORO, MASS. 
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From Missiles to Machines 


DESIGN OF GUIDED MISSILES brings in about 
every engineering problem in the book and 
a few new ones. Some of the more general 
problems have been presented to our readers, 
first because these unfamiliar problems pre 
sent a real challenge to any engineer, and 
second because they have or will soon have 
counterparts in the design of industrial equip 
ment. Shock and vibration are everpresent, 
for example, in heavy machinery control 
systems. 

Typical are the problems brought about by 
attempts to miniaturize parts to save space 
and reduce weight. Diminution in surface 
areas with no corresponding drop in [’R losses 
creates problems in heat dissipation. Potting 
and encapsulation to provide assembly pack 
ives that are immune to shock and atmos 
pherie conditions, in turn, erect thermal 
barriers that can only be overcome by de 
velopment of new casting resins. Readers will 
heat more ol cooling methods and solutions 
to heat transfer problems; also of the con 
tinuing trend toward miniaturization and de 
signing against shock and vibration 

‘| he demand for engineers familiar with 
servomechanism design—both mechanical and 
electrical—-continues apace, particularly from 
manufacturers of aircraft. aircraft instruments. 
and guided missiles. Just check the classified 
advertising section of any metropolitan news 
paper! On the industrial level, too, we are find- 
ing an avid interest in the application of digital 
and analog computer techniques to machine 
programming. The recent Machine Tool Show 
saw the first faltering steps taken in adapting 
numerical control in the form of punched 


tape to produce parts automatically from 


data taken directly from an engineering 
drawing. And right now there is being set up 
a Committee on Recorded Information Con 
trols, jointly sponsored by two heretofore 
diverse trade associations, the Radio-Ele« 
tronic- Television Manufacturers and the Na 
tional Machine Tool Builders. The article in 
January ELectrRicAL MANUFACTURING on 
“Computer-Prepared Numerical Data for Ma 
chine Control” anticipated this wedding of 
interests and pointed to future trends 

Basic to the guidance of flight-type missiles 
and feedback control of machines is the servo 
system. To help those readers coming into 
contact with such techniques for the first time, 
ELECTRICAL MANUFACTURING is starting with 
this issue a series of articles on servomechan 
ism fundamentals on a level that the average 
non-specialist should be able to readily as 
similate. Back in 1950, the Herst series 
covered rritic h the Satrie eround in general des 
criptive terms In the Ritow series, beginning 
on page 98, the reader will be carried much 
further along to the point where he can ac 
tually design a simple, workable system and 
check it for speed of response and stability 
This will be done without the need for a review 
of complex mathematical quantities, differ 
ential equations or the use of LaPlace trans 
forms. 

As might be surmised, our new author has 
a good background in the design of military 
servo systems. While the series should be of 
help to those getting started in that field, we 
envision an even wider audience among those 
engineers experimenting with industrial ma 
chinery control systems using feedback 
principles 
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Industry Engineering Dept 
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Fast Pittsburgh, Pa 


Squirrel-Gage Induction Motors 
Under Duty-CGycle Conditions 


In applications where the motor must frequently accelerate and decelerate. selection of motor 


power rating in the final analysis depends upon temperature rise. which has to be within safe 


limits for the class of insulation. Formulas are derived for calculating rotor and stator losses 
5 


under the mechanics of accelerating and decelerating conditions, also the effects of load inertia 


on accelerating time and motor temperature rise. 


Iv Is A RELATIVELY SIMPLE MATTER to select a squirrel 
cage induction motor for an application of a continuous 
duty character selection for severe duty-cycle on the 
other hand involves a rather complex analysis. In the 
former case the applic ation engineer needs only to select 
a horsepower rating that will assure that the motor will 
start under spec ihed conditions, will carry the load con 
In the 


all aspects of motor per 


tinuously and will not overheat while doing so. 
latter case he must examine 
formance, but primarily he must assure himself that the 
thermal rating has not been exceeded. This article is an 
attempt to aid such an analysis 

Duty cycle is defined as the work requirements (duty ) 
that a motor must perform over the cycle specified. These 
requirements in the form of numerical data can be tabu- 
lated or preferably put in graphical form as in the three 
charted in Fig. |. In 


diagrams it is necessary to know 


ft xample . 


constructing — these 


| Power requirements 
2 Inertia (WR*) for load at a given reference speed 

}—Number of cycles per unit of time 

Lt Complete definition of the cycle 

» Method of stopping and/or reversing motor 

The problem of selecting and applying a motor that will 
not exceed safe operating temperatures while meeting all 
the requirements of the specified duty cycle brings in 


many other factors such as: voltage and frequency; start 
ing torque, pull-out torque, pull-in torque, tolerable start- 
ing current; safety requirements, method of coupling, 
frame size, type of bearings: ambient temperature, type 
of ventilation, class of insulation, atmospheric conditions, 
altitude, hazardous location, operating noise and type of 
mounting. 

Operating temperature is a function of motor losses 
and the rate at which these losses are dissipated. Ability 
to dissipate losses for a given motor is usually stated in 
test results for like machines 


Rotor Acceleration Losses 


In any motor application problem an understanding of 
basic mechanics is desirable and in duty-cycle calculations 
it becomes essential. In the mechanics of rotating masses 
the expression T la is fundamental, where 


T =accelerating torque, ft-lb 
/ =moment of inertia, WR?/q 
a angular acceleration, radians /sec? 


stated otherwise, 


where w <angular velocity, radians /se« 
{=time, se 


Power P is the rate of doing work, expressed as 
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dw ft-lb 
P=Tw=Ia (2) 
dt see 
Integrating equation (2) over a time interval results 
in an expression for enery or work, H 
“ty 
W P dt ft-lb 
l 


substituting for ? 
“te 


Tw dt 


du 
then dt 
dt T 


and substituting this value of df in equation (4) 


‘. dus _ 
4 / re 1 ) / Teed 
| a 


or W lo 


and since T 


ft-lb (5) 


Equation (5) indicates the energy which must be 
delivered to a rotating mass in accelerating its angular 
velocity from w, to w.. It also indicates the energy re 
leased by a rotating mass in decelerating its speed 

In accelerating a rotating mass by means of a poly 
phase induction motor, the power transferred across the 
air gap is transferred at synchronous speed. This power 
may be represented as a torque times synchronous angu 
lar velocity w,. oF 

P,= Tw, see (6) 

The power to the rotor may be divided into two parts 
power to the load and rotor loss. The latter is equal to 
the per-unit slip times the power transferred across the 
air gap, and power to the load is equal to (1-—per-unit 
slip) times power transferred across the air gap 

Per-unit slip S is defined as 


syn. speed —actual speed w, 


‘S 
svn speed 
Rotor loss at any rotor slip ts 


PR SP, STw, ft Ib set 


Substituting, rotor loss ( Ye, 
( 


w,—w) 7 


Integrating equation (7) gives 


7. 
Wer / T’ (w,—w) di ft-lb 
ff O 
energy loss in rotor from O to ¢ 
/ 
since dl do 
7 


Where Wr 


. 


We [rr adhe 


Wer Ws « 9 ft-lb (9) 


This is the energy lost in the rotor of a polyphase in 
duction motor while accelerating a rotating mass from 
w; to wo. Time does not enter into this expression, and 
hence the accelerating loss is the same regardless of the 
time required to accelerate. Equation (9) neglects any 
friction or counter-torque exerted by the load. Cases in 
friction of 


which considerable counter-torque is en 


countered are discussed later, In effect, equation (9) 
represents the loss sustained by the rotor for it to supply 
only the energy stored in the rotating mass. Any loss of 
energy by the rotating mass during the acceleration 


period will cause additional loss in the rotor. However 
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Three typical motor duty-cyele diagrams 


the additional lost energy is usually small compared to 
the stored energy of the mass. On duty-cycle applications 
where this method of calculating the losses is used. the 
acceleration is assumed to take place instantaneously, 
whereas running losses are considered for the entire time 
the motor is energized 

This simplification is satisfactory for the small frame 
sizes where the developed torque at low speeds is usually 
several times the counter-torque. However, on large 
motors the starting torque and the torques at low speed 
much lower 
Hence the 


be much smaller than the developed torque in the low 
As will be shown later 


are usually percentage-wise than on the 


smaller frames net accelerating torque may 


speed range this condition will 


big. 2--Relation of rotor loss to stored energy in load for 


wceleration to any speed from O to ow 





hLaquivalent euit of induction motor 


ppres iably higher losses than will be calculated 
plified method 


result 
by thi 

A stud 
and « the 


will indicate that with « 0 
will be oe hk This is the 


the energy stored in a rotating mass when accele 


of equation () 
rotor loss 
same as 
rated from 0 to »,, or from 0 to full speed 
Figure 2 


loss an 


“hows graphic ally the relation between rotor 
echanical stored energy for any speed up to « 

Only het oing from zero to synchronous speed is the 
tored ene! equal to the rotor loss bor any value less 


than neh 


than unity If the 


onous 


peed thre ratio of loss to stored enerey 
ms vreatet load had been accelerated 


only from © to « for example. the stored energy would 
wtional to area Ow,AO, whereas the rotor loss 
would be proportional to area OABCO 
bors is picked as WO per cent of « 
Ow.AO would he 1% I. 
I, s shows 


yl) per 


be prope 


wnple. at. the area 


and the area OABCO would be 
that in bringing an inertia load up to 
nchronous speed with an induction motor, 
the rots loss 1s 


three times as great as the stored energy 


on can be checked by equations (o)} ind (9) 


Rotor Deceleration Losses 
Mas ! ot 


stoppin and reversinv 


applications require starting. 


Mie ‘ hanie ally 


same category for they 


lrequent 
stopping and re 
both entail 
stopped by applying me 


braking 


lopped and immediately reversed by elec 


versin we oun the 


deceleratior \ 


chanical braking or d- 


motor bye 
dynam \ polyphase 
motor ca lye 
trical plu 


of the stator 


simply by reversing the phase 


rotation 


Consideru first ao oplu reversal 


Since the 


equation (9) for 


rotor enet ley 


. applic motor is being de 


celerated and reversed \t speeds near syn 


chronou thre eneroey loss 


varies only slightly with speed 


Thus i. be considered equal to w, for 
I 


purposes ol 


caleulatis ses in the rotor 


Makin 


these substitutions in equation (9) 


(10) 

the rotor loss for a plu 

ir times the 

Phe loss for 

the me manner by lettin wo, and ¢ O. or the 

straight subtracted from the 
stop loss of / 


ss experienced for a straight 


a plu stop may be found ir 


acceleration loss may be 


plug reversal leaving the plu 


Fig. 4 


ind iron loss 


Induction 


motor 


equivalent cireuit with magneticin 


circuit removed 


lo arrange these equations in a form that may readily 


he used to obtain a solution, it is necessary to 


certain 


conversions in 


rake 


units employed hor a simple 


weceleration from zero to full speed 


Wie 


where 


Kotor energy loss 


Wit 
W, 


> 6 


l 


l (rp . 
in ft-lb 
(60 


(Tp thay ) 


ft-lb 
sO00 


In order to determine the allowable temperature rise 


this energy quantity must be converted into watt-seconds 


on the basis ol 
90 ft-lb/ses | hp i406 watts 
Hence the expression for Wy, must be multiplied by 
746/550 to obtain the energy loss in watt-seconds. Ke 
ducing the constants, the expression becomes 


Wee 000231 WH (PP Migy nd)? Wall-see 


This equation is for a straight acceleration but it may 
be modified to give the correct answer for plug stop and 


term (S S ) 


plug reversal by adding a where 


S, is initial slip and S 


final slip 

hor a straight acceleration 1 and 
ma ) | 
kor a plug top Pand 
mad ) 
bora plug reversal y and 


and ( ) | 


The final form for the energy loss in the rotor is 


uw 0 000251 W It ¢ )~Orpmy,.)? watt-sec (ll) 


On high slip motors a more accurate answer may be 
obtained by substituting actual values of slip in the term 


‘ 5 j 


This is especially true in) plugging 


applica 


tions 


Stator Losses 


The next step is to determine the corresponding lator 


loss for a given rotor loss in a specific motor. The equiva 
lent circuit for an induction motor is shown in big. 3 
If the magnetizing and iron loss components ol current 
winding the circuit be 


ire removed from the primary 


In this form it seen that 


will occur RR 


comes that shown in Fi | 
iven loss in R.. there 


same loss in R 


or a times that 


ay ailable 


listed 


If a test sheet on the specific motor sign is 


the copper losses for the rotor and stator will be 





> Vector diagram of currents in induction motor 


4 f 
Accelerating 


rque curve 





Fig 6 Reciproc al curve de- 


rived from accelerating torque curve 


torque 


for full-load conditions. factor 


Also the full-load powel 
will be given. In order to obtain the desired R,/R. ratio, 
the magnetizing component of current must be removed 
from full-load current. This can be done simply as fol 
lows, 

As a fairly close approximation the full-load stator 
motor may be considered as 


current of an induction 


shown in Fig. 5, where 


I, =full-load current 
I meg = Magnetizing current 
lw = power component of current 


cos @=full-load power factor 

The stator copper loss can he ( onsidered to be made up 
of two components, the loss due to the magnetizing current 
and that due to the power component of current. Figure 
9 is an approximate vector diagram of the currents in an 
induction motor. The assumption is made that the power 
component in the stator is directly proportional to the 
rotor current. Any rotor loss therefore has a corres 
ponding stator loss from a power component of current 


directly proportional to rotor current 


Table I—Specific Heats of Conductor Metals Used in 
Stators and Rotors 





Material 


Copper 
Aluminum alloys 
Brass 

Phosphor bronze 
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° Howe yer since 


The total loss in the stator is thus /°,R 
it has been assumed that the quadrature current is cons 
tant, the loss due to the quadrature component may be 


subtracted from the total stator loss, leaving only that part 
of the stator loss that varies with rotor loss. The loss due 
to the quadrature component Is (1, sin 0)* R,, ( oppel loss 
in the stator due to « opper loss in the rotor is obtained by 
subtracting the loss of the quadrature component from the 
total loss, or 

2, R,—(CU_ sin 6 Ry =U, cos 6" R 

The ratio of that part of stator loss due to power cur 
rent to the rotor loss is 

(/, cos 0 R 


wh, 
Py, (PFY Rh, 

It is true that 

why P?wh, 

On the above assumptions, in per-unit values the power 
component of current in the stator is equal to the rotor 
current, or 

I, cos 6 

This allows the 

R, 2, (PFYR 


lwstator 1 yw -rotor 


following reduction 


hy ly R;, 
from this equation the approximate R,/R, ratio can 
be obtained from test data at full-load condition 


The approximate K,/R, ratio becomes 


Stator full-load J)? FR, * (ull-load power factor) 


(12) 
Rotor full-load /,7 7? 
Determining the R,/R 


in calculating acceleration 


ratio is the most dilheult step 
Obviously the 
data 


most 


losses 


reliable and accurate method is to use from an 


actual test for rotor and stator copper losses. But these 


are seldom available to the application engineer. Caleu 
lations must then be made from known motor data 
Primary resistance R, may be measured and corrected 
to: 75°. 2 derived from the fact that the rotor 
directly slip Of the power 
across the yap SP. is lost in th 


load and to supply the 


may be 
loss is proportional to 
transferred rotor 
whereas (1-S) P. goes to the 


of the 


The motor slip and the power! supplied to the load are 


friction and windage machine 


known quantities. To this value of power to the load an 
estimate of the friction and windave loss should be added 
This estimate may be based on « xperience or « i value 
from a test on the same frame size with the sam type 
of ventilation. In most cases. however. the friction and 
will be 
be neglected entirely with little error 

1-S) P and from thi 


is then found from 


vindage a small portion of the output and ean 
Power to the load equals 
equation SP determined. R 
P,=17 R 
Another 


may bye 


method sometimes used to appre bate the 


Table Il—Suggested Maximum Allowable Iinstan- 
taneous Temperature Rise in Induction Motors 





Temp rise deg C Temp rise deg C 
Frame size Clase A stator Die cast rotor 
203-326 125 200 
364-445 110 16 
504-680 90 





? 
7 


big. $ Equivalent circuit of induction motor 


result in appreciably higher losses than will be calculated 
by this simplified method 

A study of equation (9) will indicate that with o 0 
and w) o, the rotor loss will be 4% Iw,’. This is the 
same as the energy stored in a rotating mass when accele- 
rated from 0 to », or from 0 to full speed. 
bigure shows graphic ally the relation between rotor 
loss and mechan al store d energy for any speed up LO W.. 
Only when going from zero to synchronous speed is the 
stored ener equal to the rotor loss. For any value less 
than synchronous speed the ratio of loss to stored energy 
is yreater than unity. If the load had been accelerated 
only from 0 to o,. for example the stored energy would 
be proportional to area Ow,AO, whereas the rotor loss 
would be proportional to area OABCO 

lor example, if, is picked as 50 per cent of w the area 
Ow AO would be Ve lao’, and the area OABCO would be 

I, This shows that in bringing an inertia load up to 
10 per cent nehronous speed with an induction motor, 
the rotor loss is three times as 


Phis cone 


vreat as the stored energy 
usion can be checked by equations (5) and (9) 
Rotor Deceleration Losses 

Man motor 


stopping and reversing 


applications require frequent starting, 
Mechanically, stopping and re 
versin ve in the same category for they both entail 


deceleration. A motor can be stopped by applying me 
' 


chanical braking or dec dynamic 


braking. A polyphase 


motor can " stopped and immediately reversed by elec 
trical plu in 


of the stator 


simply by reversing the phase rotation 


Coonsiderin first a plu reversal 


equation (9) for 


rotor ene loss applies. Since the motor is being de 


celerated and reversed At speeds near syn 


chronous the energy loss varies only slightly with speed 
Ihus ‘ ia 


lve considered equal to ‘ for purposes ol 


calculating losses in the rotor 


Making these substitutions in equation (9), 


| 
iN | 
Substituting limit 
| , | 
| | : ‘| 


ft-lb (10) 
This equation shows that the rotor loss for a plug 
reversal is four times the loss experienced for a straight 


acceleration. The loss for a plug stop may be found in 
and « 0, or the 


subtracted from the 


the same manner by letting 
straight acceleration loss may be 


plug reversal leaving the plug stop loss of %. / 
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Fig. 4 Induction motor equivalent circuit with magnetizing 
and iron loss circuit removed. 


To arrange these equations in a form that may readily 
be used to obtain a solution, it is necessary to make 
certain conversions in units employed. For a simple 
acceleration from zero to full speed, 


l 
Rotor energy loss, Wp lw, 


9 


rpittyy 
60 


Wh? 
where g 
q 
1 (rpitigy»)* » 
Rotor energy loss in ft-lb 
2 (60) 
WR? (rpg, ¥(2r) 
W, : ‘ ft-lb 
& 02.6 3600 

In order to determine the allowable temperature rise. 
this energy quantity must be converted into watt-seconds 
on the basis of 

550. ft-lb/sec | hp 746 watts 

Hence the expression for WH, must be multiplied by 
746/550 to obtain the energy loss in watt-seconds. Re 
ducing the constants, the expression becomes 

Wr=0 000231 WI? & (rpmy,)? watt-sec 

This equation is for a straight acceleration but it may 
be modified to give the correct answer for plug stop and 
plug reversal by adding a term (S S.7)) where 
S, is initial slip and S, final slip. 


hor a straight acceleration, S l and 0 
and CS S?) =1 


For a plug stop Zand S 


ind 2*) , 


kor a plug reversal 2 and S,=0 

and GS S.7) =4 

The final form for the energy loss in the rotor is 

W =0 000231 * WE? CS S22) * (rpitiggn)® watt-sec (11) 

On high-slip motors a more accurate answer may be 
obtained by substituting actual values of slip in the term 
iS; §.?). This is esper ially true in plugging applic a 


tions 


Stator Losses 


The next step is to determine the corresponding stator 
loss for a given rotor loss in a specific motor. The equiva 
lent circuit for an induction motor is shown in Fig. 3 
If the magnetizing and iron loss components of current 
are removed from the primary winding the circuit be- 
comes that shown in Fig. 4. In this form it is seen that 


for a given loss in R.. there will occur R, R 


times that 
same loss in R,. 
If a test sheet on the specific motor design is available, 


the coppel losses for the rotor and stator will be listed 


ELECTRICAL MANUFACTURING 





Fig. 5--Vector diagram of currents in induction motor 


Accelerating 
forqueé curve 








Fig 6 Recipros al torque curve de- 


rived from accelerating torque curve 


for full-load conditions. Also the full-load power factor 
will be given. In order to obtain the desired R,/R. ratio, 
the magnetizing component of current must be removed 
from full-load current. This can be done simply as fol 
lows. 

As a fairly close approximation the full-load stator 
current of an induction motor may be considered as 
where 


1, =full-load current 
I meg = Magnetizing current 

lw = power component of current 
cos 6 =full-load power factor 


shown in Fig. 5, 


he stator copper loss can be considered to be made up 
of two components, the loss due to the magnetizing current 
and that due to the power component of current. Figure 
9 is an approximate vector diagram of the currents in an 
induction motor. The assumption is made that the power 
component in the stator is directly proportional to the 
rotor current. Any rotor loss therefore has a corres 
ponding stator loss from a power component of current 


directly proportional to rotor current. 


Table I—Specific Heats of Conductor Metals Used in 
Stators and Rotors 


Material 


Copper 
Aluminum alloys 
Brass 

Phosphor bronze 
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The total loss in the stator is thus /*,R,. However since 
it has been assumed that the quadrature current is cons- 
tant, the loss due to the quadrature component may be 
subtracted from the total stator loss, leaving only that part 


of the stator loss that varies with rotor loss. The loss due 


to the quadrature component is (/,, sin 0)* R,. Copper loss 


in the stator due to copper loss in the rotor is obtained by 
subtracting the loss of the quadrature component from the 
total loss, or 

127,R,—CU_ sin 6 RAR, =U, cos 0 R 

The ratio of that part of stator loss due to power cur 
rent to the rotor loss is 

(/, cos 0 R 


Pw, 
2, cos @R, Py (PRY R, 
It is true that 
Pwhy, Pew, 

On the above assumptions, in per-unit values the power 
component of current in the stator is equal to the rotor 
current, or 

I, cos 6 

This allows the following 

R, Py (PFYR 


lwostator / yw rotor 


reduction 


Ry wh, 
From this equation the approximate R,/R, ratio can 
be obtained from test data at full-load condition. 

Phe approximate R,/R 


Stator full-load J? PR 


ratio becomes 


(full-load power factor) 
(12) 
Kotor full-load /? 


Determining the R R 


in calculating acceleration 


ratio is the most difheult step 
losses. Obviously the most 
irom an 
But these 


reliable and accurate method is to use data 
actual test for rotor and stator copper losses 
are seldom available to the application engineer, Caleu 
lations must then be made from known motor data 
Primary resistance KR, may be measured and corrected 
to 75 C. R, may be derived from the fact that the rotor 
loss is directly proportional to slip. Of the power P 
transferred across the gap, SP, is lost in the rotor 
fash uP 


friction and windage of the machine 


whereas voes to the load and to supply the 
The motor slip and the powel supplied to the load are 


known quantities. To this value of power to the load an 
estimate of the friction and windage loss should be added 
This estimate may be based on experience or « i value 
from a test on the same frame size with the same type 
of ventilation. In most cases, however, the friction and 


windage will be a small portion of the output and can 
he neglected entirely with little error. 
Power to the load equals (1-S) P,, and from this 
equation SP. may be determined. R 
P, =I? R, 


Another method 


is then found from 


sometimes used to approximate the 


Table li—Suggested Maximum Allowable Instan- 


Temp rise deg C Temp rise deg C 
Frame size Clase A stator Die cast rotor 
203-326 125 204 
364-446 110 16 
504-680 90 




















Hp rating 


Fig. 7 Approximate terminal-to-terminal resistance 


values for 3-phase induction motors, 440 volts 


value of R 


the full-load slip In per-unit value, 


is to consider it as equal to 93 per cent of 


found at rated 
The actual value will be some 


In all cases, a constant value of R 
speed has been assumed 
what higher at the low speeds and may be considerably 
higher in some cases. However, this will result in a more 


favorable R,/R 


desired direction. On the other hand certain harmonics 


ratio and will place the result in the 


may increase the rotor loss a little higher than was calcu 
lated for the fundamental frequency. 

Care must be exercised in obtaining the R,/R, ratio 
to be sure that both R, and R, 
per unit or in ohms 


are either expressed in 


Figure 7 is a plot of terminal-to-terminal average resist 


Fig % ‘top? Plot of K torque 
ratio for use with linear speed-torque curves only 


values against 


ance for different horsepower ratings. Fortunately, all 
motors of a given horsepower rating tend to have much 
the same primary resistance when referred to the same 
voltage 


Total Motor Acceleration Losses 


The total loss in the motor for a complete eye le is the 


sum of the rotor and stator acceleration losses plus the 


running losses. This value should then be compared with 
the allowable loss in watt-seconds for a given temperature 
rise to determine whether or not the particular motor 
will meet the application. 

Even though a motor will check out satisfactorily on 
this first examination it does not necessarily prove that 
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the motor chosen will meet the application. Consider the 
case of a small motor which starts a very large inertia 
load only once or twice a day and then runs at light 
load at rated speed. Although the loss may be below the 
permissible limit when averaged over the entire cycle, 
the motor might overheat to dangerous temperatures 
during the long acceleration period. 

On applications involving a large inertia load, the 
instantaneous temperature of the rotor and stator should 
be checked. Usually on a high-slip motor the stator will 
not overheat due to the inherently favorable R,/R.. How- 
ever, in a low-slip motor it is possible for the stator to 
exceed the rotor in temperature rise. 


Calculating 
instantaneous Temperature Rise 


To calculate the instantaneous temperature rise, it is 
necessary to know the type of conductor material used 
in the rotor, and its specific heat k (see Table 1) and 
the weight of windings in the stator and in the bars and 
end rings in the rotor. It is assumed that all acceleration 
loss is stored in the metal and none is lost by conduction 
or radiation. This assumption tends to become slightly 
pessimistic for acceleration over a long period of time. 

The loss to be absorbed has been previously determined 
in watt-seconds and must be first converted to Btu on the 
basis of 1054.5 watt-sec 1 Btu. Then 


Losses in Btu 
Temp rise, deg F 
Cond. wet (Ib) k 


lo convert to deg C, multiply by 5/9 

Final formula, when reduced, becomes 
526 & 10° © watt-sec 

Temp rise, deg C (13) 
Cond. wet (Ib) xk 


Suggested maximum allowable instantaneous tempera 
ture rise for stated NEMA frame size ranges are given in 
Table II. 

On duty cycles where high instantaneous temperatures 
are encountered there will be considerable expansion and 
contraction of the heated parts, This may cause eventual 
trouble, especially with brazed rotors having high resist 
ance end rings. Here most of the rotor loss occurs in the 
end rings, causing them to be heated to a high tempera 
ture. Thus the rings expand and contract measurably on 
heating and cooling. This in turn causes flexing of the 
rotor bars between end rings and the rotor core and may 
result in bar failure at the point where rotor bars emerge 
from the rotor iron. 


Time to Accelerate 


On many applications it is desirable to know times of 
acceleration and deceleration for a given load. From 


basic mechanics: 


da wh y" 
( q dt 


Wr 


porn» 


Where w in radians/sec 1046 epee 
60 


Substituting and simplifying 
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0 00325 WIP Cepm rpri,) 


/ 

Where torque 7 is expressed in foot-pounds. 

This then is the expression to be used in finding the 
time to accelerate from one speed to another with a given 
torque acting. Equation (14) assumes constant torque, 
but such is never the case in the real machine. For accu 
racy it is necessary to divide the computation for accele 
rating time into a number of parts. These divisions are 
increments of such duration that constant torque may 
be assumed. In this respect care must be exercised in 
determining effective torque acting over each section. 
In the above equation for ¢, T is considered a constant. 


Therefore if torque varies with speed, some effective value 


of torque must be used that will produce the same change 
of angular velocity as the varying torque in the same time 
period. In 


fundamental units equation (14) can be 


arranged as follows: 


WR? Aa / 
ee 
q / 


In effect, the quantity / 7 is the reciprocal of the acting 
torque. It follows that the effective quantity 1 /T to be used 
over a period of varying torque will be the average recip 
rocal. This being the case, the effective torque will be the 
reciprocal of the average reciprocal torque. This expres 
sion is not the same as the average torque. In fact, the only 
time that average torque is equal to effective torque 
is when the torque is constant over the entire range 
considered. 

lo demonstrate the principle, effective torque will be 
solved for in the case where torque varies linearly with 
speed. This technique may then be applied to any speed 
torque curve by reducing the curve to short linear sections. 
In Fig. 6 at the left is shown a typical accelerating torque 
curve for an induction motor drive. The section of the 
curve between points A and B will be considered linear 
and the resulting equation of this section will be of the 
form 

AT +¢ 
where K and C are both constants. A reciprocal plot of 
the straight line between A and B is shown at the right and 
will be used to solve for the average reciprocal between 
points A and B (or and w,), 
The area between the ]/T curve and the W axis is 


. ae 
/ ad 
de 
1 7 
gY w e ‘ 


The average value of //T between », and », is the 


above area divided by its base on the » axis. which is 


(w,w,), 


The formula for average //T is therefore: 


Ye 
de 


Let ow = KT 
w= KT 
dw = Kdt 
Substituting in the above equation and changing limits 
accordingly 





Sumplityin indicated integration and 


performing the 
substituting limits give the result that the average recipro 


cal torque is 


Since the effective torque is the ree iprocal of the 


recipros al. the effective torque becomes 


M,—T, 


log (1 T;) 

It wold be tedious to solve this equation for an effective 
value of torque for each straight line section of a speed 
torque curve. Instead a correction factor can be applied 
to convert the average torque of a linear section to an 


effective value of torque 


L647 =K T. 


lo apply this method, let 


where A is the correction factor desired 


Phen 


Posy 8 defined a 


| he refore 


inoplifying 


moplifying furthers 


A 


(/ / 1) log 7 


It makes no difference in this function of 7 / whether 
T. is larger or smaller than 7 The A value will be the 
same. Figure 8 is a plot of A for various values of 7, /7 

In using this curve the torque ratio should be a value 


rreater than unity. Therefore, the larger torque should be 


divided by the smaller to obtain the required torque ratio 
By picking the appropriate value of K from Fig. 8, the 


effective value of torque can be obtained by the simple 


relation 


A C7] 
ly 


If the acceleratin is divided into straight 


torque curve 
line seuments the curve of A values can be used to convert 
iwerage torque into effective torque for each segment. In 
order to obtain a curve of accelerating torque it is neces 
sary to have speed-torque curves of the motor and the 
driven load. The actual value of accelerating torque al any 
speed will be the difference in these two curves for a 


celeration and the sum of the curves for deceleration 


Rotating Inertia Effects 


The inertia of a body is usually measured as WR? in 
lh-ft®. Information on a particular motor can always be 
obtained from the manufacturer if it is not known. In 
determining the WR? of the 


its value be referred to the motor speed. This value must 


load it is imperative that 


include the WR® of all pulleys and couplings. 
In transferring WR 


should be remembered that the stored energy of a system 


from one speed to another it 


is the same regardless which shaft it is referred to. Thus 
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I 
I, Cw) 


(WR?) 


(Wi?) 
since | and | 
q 
1 (WH) (WR) 
then 

: g 
or (WI?) (Wit*) 


(WR?) 


rpm 
(WI?*), =(WR?®) (15) 
rpm 


This shows that the WR* of a system varies inversely 


(WR?) 


as the square of the speed to which it is referred. 


For example, an 1800-rpm motor is driving a load 
through a 2-to-1 ratio speed reducer, making the load 
speed 900 rpm. Let the WR* of the load be 100 |b-ft* 
referred to 900 rpm. At speed the WR is 


OU) 
100 ( ) or 25 |b-ft.' 
B00 


Linear Inertia 


In some applications a motor is called upon to ae- 
celerate or decelerate a mass moving in a linear direction. 
Here the problem often arises as to the method of trans- 
posing the linear moving mass to an equivalent rotating 
WR*. Constancy of stored energy is the key to the solu- 
tion. 

In linear motion the fundamental expression for force 


is | VA, where 


I’ = force 
VI = mass 
1 =acceleration 
\ linear velocity 
dt 
Thus M 
dt 


Power hy 


energy 


(linear) 


nergy stored Vi 


1Wwr 
/ (angular) 


Simplifying and solving for equivalent WR* 


Wh \ 2 
WR w( ) (16) 


Thus, knowing the weight of the linear mass and its 
velocity, it Is possible to convert these quantities into 


equivalent rotating WR* for any angular velocity 


Acceleration with 
High Friction or Counter-Torque 


In some duty-cycle applications the driven load places 
considerable friction or counter-torque on the motor dur- 
ing the accelerating period, In this case the fundamental 
equation changes from 7 / to 


do 
r=! r,=!1 / 
dt 





Table IIiI—NEMA Induction Motor Designs in Terms of Breakdown and Locked-Rotor Torque 


Speed, rpm Breakdown torque in per cent of full load torque (MG 9-538 Locked rotor torque in per cent of full load torque: MG 9-535 


Design Desigr 
Hp. 
60 cycles 50 cycles 60 or 50 cycles c 


3600 
10 thru 30 
40 
50 & 60 
75 & 100 
125 thru 200 


1 
1 
2&3 


7 
1¢ 


15 
20 & 25 
30 thru 75 


125 & 150 
200 


thru l 
2 


3 
5 
7 


10 
15 
20 & 25 
30 thru 75 
100 thru 200 


thru 1 
2 
3 


5 
7 
10 thru 200 


thru 1 

2 

3 

5 
thru 200 
thru 200 
thru 200 


thru 200 


Whe e i 1 develope OLlo ore e a a - 
are 7, is the developed motor torqu NEMA Design Classifications 


Design Classifications A, B, C, D and F define the 
starting characteristics of squirrel-cage motors, 200-hp 


T, is the counter-torque of the load. 
Again, friction and windage torque of the motor is 


neglected and developed I’ is considered the same as and smaller, by the shape of the speed-torque curves 
delivered T. The power loss to the rotor is (see p. 81). Each motor design must withstand full 
P, =T; w. Xslip voltage starting. Locked-rotor torque and pull-out 
(w, —w) torque for each design class are given in Table III. 

T we Corresponding limiting values of locked-rotor current 


are given in Table IV. For alk but Design D motors, 
; the full-load slip is less than 5 per cent, Design D 
nergy 1088 10 rotor ’ 4 


motors are usually divided into two categories: 5-8 
. per cent slip, and 8-13 per cent slip. Design D is 
Solving the equation, 7; distinguished by high locked-rotor torque; Design F, 


dl by low locked-rotor torque and low pull-out torque. 
Ide 

and dt 
l,—T; Table IV—Locked-Rotor Current of 3-Phase, 


Substituting in rotor loss equation 60-Cycle Motors at 220 Volts 
“we T; I (w,—w) dw . _ . - 





Rotor loss 
7 rw. Designs B,C & D Design F 


Factors 7, and 7, are each compli ated functions of W. Ho Amperes Code Amperes Code 


1 and lees 24/hp 
: . . ° 1 35 
line sections as before and integrating over eat h section 2° 45 
: 0 
an effective torque can be found for each. With this : - 


in mind 7, and 7, may be brought out from under the ? 120 
integral sign. 15 220 
' _ 20 2790 
25 365 

Rotor loss 30 to 200 14.5/hp 


but by chopping the speed torque curve into straight 
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Treff 
(7 Vs) ery 


Kotor loss £0 000231 X¥ (rpms an)? WRCS,? — S77) 


(17) 
Appropriate values of slip must be used for each 
straight line section of the torque curves. After the losses 
are calculated over each section, the sum of these losses 
will vive the total rotor loss for the acceleration. This 
method is generally preferred on large motors. 
lt may be noted that the quantity (T,-T,) is the net 
wcelerating torque available. This equation shows how 
the decrease in accelerating torque due to counter-torque 
causes an increase in rotor losses 
ixamination of equation (17) reveals that counter 
torque will have less effect as the ratio of motor torque 
to counter-torque increases 


tioned before the 


In per-unit values, as men 
speed-torque curve of small motors 
tends to have higher values of torque at corresponding 
speeds almost all the way up to the pull-out point than 
do the large squirrel-cage motors 


more favorable 71/7 . 


rotor power loss is the preatest 


This results in a much 
ratio at the low speeds where 
This is the main reason 
why in small motors it is usually possible to neglect 
counter-torque in calculating acceleration losses. 
Counter-torque will actually be beneficial on a plugging 
application where the accelerating torque is more than 
the developed torque. In fact, counter-torque on plugging 
luty will reduce the losses much more than the same 


load will increase the loss on a straight acceleration. In 
order to calculate plugging losses quite accurately on an 
application with high counter-torque characteristics, the 
speed-torque curve of the motor must be availiable from 
slip of 2 per unit to O per unit. 

On large motors the rotor bars are usually deep enough 
to give considerable “deep bar” effect. In most cases 
the application engineer will have insufficient data to 
calculate this effect on acceleration losses. For this reason 
most duty cycle calculations on large squirrel cage motors 
are made by the motor design engineer since the treat 
ment is rather involved. Only very rarely however will 
a large squirrel-cage motor be applied to a more severe 
duty cycle than that of starting a large inertia load a 


few times a day 
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CASE HISTORIES 


Case History | 


Probl m 


motor 


Calculate the horsepower of a squirrel-cage 


running continuously but carrying a fluctuating 


oad a follows 


ly hp for 60 se« 
7 hp for 40 se« 
! y hip for 20 sec 


Losses i a motor may be considered to vary approx 
Therefore 


horsepower vill be the rms-horsepower over the cvcle 


imately as the quare of the output the desired 


im question 


Case History Il 


A Shp load is to be driven for 20 sec, plug stopped 
stand idle for 15 sec, and the cycle is then repeated 
Synchronou speed | 12000 rpm Load WR? referred to 
1200 rpm 1.40 Ib-ft?. A 6-pole, S-hp 
elected. WR of rotor and blower is equal to 
Should NEMA Design B or Design 
Tables Tl and 


284-frame, drip proof 
motor 4 
LS) Ib-ft 
D> motor characteristik bye pecihed ’ See 


1\ 


The folloy y pertinent 


Proble m 


ompared 


Design 
D 
Ratio R,/R; 0.63 
Running loss, watts 700 


H000 + 19604 


ne 120 


Hp rms \ 


hpreme = 9.5 

Probably a standard 10-hp motor would be specified, 
but even with low rms horsepower a motor must be se lected 
which will produce ample torque to meet peak load condi 
tions, This consideration together with an arbitrary safety 
factor of 25 per cent will dictate final choice of motor 
suc h a salety factor is necessary to overcome abnormally 


low voltage, high friction, et« shen these occur 


Permissible losses for 50 © rise 
Running, 820 watts 
Standing, 300 watts 


Referring to the expression for rotor loss and checking 
the Design D motor 
Rotor loss, watt-sec = 0 000231 (rpmyy.)? X WR 
0 OOO2Z3L C1200)? * CL SL +1. 40) 


967 watt-sec per acceleration 


Breakdown of losses in watt seconds 
Rotor loss acceleration 967 
Stator loss acceleration 967 “ft, /R, =967 «0 63 
610 
Running loss 700 * 20 = 14,000 
Rotor loss plug stop 3967 2900 
Stator loss plug stop, 2900 « 0.63 1830 


Total loss 
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Motor dissipation losses 
Running 20 « 820 
Idle 15 x 300 


16 , 400 
$,500 


Total cooling 20,900 watt-seconds 


From this it may be seen that the Design D motor will 
meet the application. However, since running losses of the 
Design B motor are considerably lower than the Design 
D motor, Design B will be checked also. Most of the losses 


in this case are the running losses 


Rotor acceleration 

Stator acceleration, 967 
Running loss, 20 «550 

Rotor loss plug stop, 967 » 
Stator loss plug stop, 1885 «: 


Total loss 


Losses in watt-seconds 
967 
1885 
11.000 
2900 
5650 


22,402 watt-seconds 


From this it may be seen that the Design B motor will 


not meet the application 


Case History Ill 


Problem: Required to calculate the instantaneous tem 


perature rise on a 10-hp 


blower; 


Design 
accelerate a large 
required to come up to speed 
started. 


Motor Data 


also to 


which 
the 


B motor must 


determine time 


The motor is full-voltage 


60 cycle, 440 volts, 4 pole, 1750 rpm, 324 frame 


Motor WR?, 2.45 lb-ft? 
Full-load pf, 0.86 


Rotor /?R at full load, 230 watts 
Stator /?’R at full load, 600 watts 
Rotor has 3.35 lb aluminum conductors 
Stator has 19 lb copper conductors 


Speed-torque curve as charted 


Load Data 


Load driven through 2-to-1 reduction gear 


Load speed, 875 rpm 


WI? of load referred to 875 rpm, 965 lb-ft? 
Load speed-torque characteristic as charted 


Procedure 


1—In calculating loss in rotor during acceleration in 
the formula 0.000231 (rpmyy.)? * WE? 
WF? of load must be referred to the motor shaft 


965 (%) 
Total Wi? 
Rotor loss 


241 lb-ft 
2414+2.45 = 243 
0. 000231 C1800) » 


15 or 243 lb-ft? 


243 


182,000 watt-sec during one acceleration 


Temperature rise of rotor during acceleration is calcu 


lated as 





n per cent full-load torque 


These typical speed-torque NEMA 


curves define various induc 


tion motor designs 


926 X loss & 10° 26 & 182,000 « 10¢ 


Ib metal * 4 »xO. 220 


Rotor temperature rise is 130 ¢ 


2—To calculate loss in stator, first obtain [,//y ratio 


Full-load stator RX (pf) 
Ryi/Ry 
kull-load rotor [/4/t 


600 « (0. 86)" 
1.93 
m0 
Stator loss = 1.93 « 182,000 
= 351,000 watt-sec 
“Stator temperature rise equals 


526 «351,000 ™& 10" 


19 «0 O91 


According to the table of recommended permissible tem 


these the 


for 324 frame values within 


Table Il) 

time required to come up to speed is 
done by first plotting the the 
difference speed-torque curve and load curve 
then be 


straight 


perature rise are 


limit specified. (See 


Calculation of the 
acceleration torque curve a 
between motor 

The 


secuion whi 
the 


( see over) 


livided 


between 


acceleration torque curve may 


into ch are approximately 


dot Average 


the 


lines circled torque for each 


section can be found, and from 


curve of To/T, versus 


Table A—Calculation of Incremental Acceleration Times 
Refer to Chart 


Curve section Speed rpm Speed rpm 
0 400 
400 600 
600 800 
800 1200 
1200 1400 
1400 1600 
1600 1700 
1700 1745 


@Sneaqawn-— 


hp ¥ 33,000 10 x 


100°; torque 
2* * rom 2 
\ rom 


Time = 0.00325 WR sec 
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33,000 
30 Ib-ft 
x 1750 


Torque ratio 


ee 


ib-ft Speed diff Time ser 


25 
06 
00 
07 
01 
36 
66 
00 


4.7 
39.3 
38.0 
39.6 
40.8 
36.0 200 
23.4 100 
7.38 45 


400 
200 
200 
400 
200 


07 
03 
16 
00 
87 
52 
37 
6) 


coo---—--0o 
&wasworeaean 


Total time to accelerate 39.83 





he selecte for each section Each section time is calculated in the same manner and 


be converted to eflective torque the results are added together for the total time 


determined for each section. It Note that in section 8 of the curve the total speed change 


oe Cor iis data into a table as shown is from 1700 to 1745. The final speed should be 1750, but 
A) here the accelerating torque is zero. The torque ratio would 
ich section time is obtained by the « x pression then be infinite and the K value would approac h zero. How 


ever by taking 1745 as the final speed the final torque ratio 
arp : 
0.00325 WH is approximately 5 to 1 with a K value of 0.82. At 1745 rpm 


] the motor is up to speed for all practical purposes 


0032 1% The total time to accelerate this load is approximately 


10 sec, This assumes negligible line drop in voltage to the 


‘A.7 r during starting time 


Table B—Torque Values and Heat Losses When Load Torque is Significant 


Dev. Torque 
Speed Dev Acceleration Rotor loss 
rom ; T. Tors, Ib-ft Dev/Ta watt-sec 


400 5 3 44.7 
600 39.3 
800 5 38.0 
1200 39.6 
1400 40.8 
1700 : 35.0 
1700 23.4 
1745 3 7.38 


10 78,800 
15 33,400 
20 29,900 
26 45 800 
42 15,900 
65 11,100 
17 3,680 
28 2,060 


ND ae wt et et et et 


Total rotor loss 220 640 


s¢ in loss due to load torque 
220,640 182.000 100 
21 per cent 
182,000 





Case History III-A 


oblem TIL will now be worked taking into account the the total rotor loss. The loss is 121 per cent of the loss 
ter-torque of the load. Examination of the load torque ileulated disregarding the load torque. The temperature rise 
urve hows that it starts from ipproximately 1O per cent in the winding will be higher than that calculated before 
on and varies as the square of the speed up to 100 by about the same percentage. However, since the time to 
pe ent torque at 100 per cent speed. The general method accelerate is approximately 40 sec, a considerable portion 
to be followed has already been outlined. The same inere of the heat will be conducted into the iron and the air. One 
nents are used as were used in calculating the time to hundred per cent voltage to the motor during starting ha 
accelerate A new table (lable B) has been set up to been assumed. If voltage drops, the developed torque drops 
contain the data pertinent to this solution. It should be by the square of the voltage, whereas the load torque curve 
noted that the effective values of acceleratin torque for remains the same. This can conceivably result in a large 
the nerement of the accelerating torque curve are the nerve in acceleration losses 
ime tor this problem as for the other solution. The effective 
ilue of developed torque must be determined for each 
nerement and the I caleulated for each increment. Thi 


one by using equation (11) with the proper v alue of 


The first increment is solved as follows 
luey ellective was determined to be 164 per cent 
19 2 lb-ft 
ye 19.2 
The ratio 110 
i 4 
totor loss from 0 to 100 rpm 
R00) 400 
a 1 10”0 000231 (1TROO) 4 
1ROO 
Lae 
Hs 
I ace 


Where H is called the inertia constant and is equal to 
thre olor energy | for an acceleration to synchronou 


peed neglecting counter-torque 


bor the first section 


Weel 10% 182,000 «(1 
78,800 watt-sex 





of the other inerements must b Olver Accelerating torque curve is derived from motor and load 
and the losse or emer dded te é speedtorque curves. (Case Histories IIL and TILA) 





Temperature 
Compensating 
Capacitors 


GEORGE MISTIC, Director of Re 
CONDENSER Propucts COMPANY 

DIVISION OF 

New Haven Crock anp WATCH COMPANY 
New Haven, Conn 


Discussion of dielectric materials used, capacitor design and 


method of selecting proper capacitors for desired temperature 


coefficient of capacitance. Composite film dielectrics are used 


to obtain desired temperature characteristics. 


TEMPERATURE VARIATIONS ALTER the parameter values of 
electronic components, such as resistors, capacitors, in 
ductors and tubes, to such an extent that circuit perform 
ance is often impaired unless some means of compensating 
for the changes is employed, One of the means available 
for such compensation is the use of capacitors especially 
designed for the purpose. 

Circuit stability is maintained by using stable com 
ponents or components that compensate for parameter 
changes in each other over the required temperature 
range, In Somme Cases only capat itors may be involved 
Here, two units having temperature coefficients of opposite 
sign may be used to give an overall coefficient of zero. In 
other cases where capacitors and inductors, or capacitors 
and resistors may be used to control the frequency gen 
erated or transmitted, the product of capac itance and 
either inductance or resistance is the controlling factor and 
it must remain constant over the temperature range. The 
problem of maintaining proper performance of many 
critical electronic circuits has been considerably simplified 
by the use of capacitors having a wide range of properties 
made possible by some of the dielectric materials de 


veloped within the last few years. 


Dielectric Materials 


Ceramics. The raw materials used in ceramic capaci 


tors are usually titanium dioxide (TiOw), and the titanate 
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salts of barium, calcium and magnesium, Ceramic capaci 
tors are usually classified in two groups. The first group 
has a dielectric constant which ranges at room tem 
perature from 5 to 500 and the second group from 500 
to 10,000, The first group is used exclusively for tem 
perature compensating capacitors. The second group is 
not recommended for high stability temperature com 
pensating capacitors, but is used for non-critical by-pass 
applic ations. The dielectric material of the second group 
is venerally based on barium titanate which has ferro 
electric properties This dielectric is sensitive to voltage 
changes in that the « apacitance varies with voltage. Also 
it exhibits ageing characteristics which are not conducive 
to stability. 

Pure titanium dioxide has a dielectric constant of LOO 
and a temperature coeflicient of capacitance of GOO 
parts per million per deg C. To obtain a large range of 
temperature coefficients from LOO ppm positive to 2500 
ppm negative, the titanium dioxide is mixed with \ irying 
amounts of other oxides having low dielectri onstant 
and positive tempe rature coefhicients. In this wa is | ig | 
shows, a wide range of temperature coeflicients can bye 
produced in capacitance values to 0.1 mf. Still in the 
research stage are yet another yroup ol dielectrics based 
on the reaction of columbium oxide with salts odiun 
and cadmium. 


Mica. Several t pes of mica are found in nature, and 





due to this, mica has variable characteristics wnich must 
be thoroughly checked to obtain the electrical character- 
istics required. By proper construction and ageing, mica 
capacitors can be made to have extremely small tempera 
ture coefficients comparable to those of ceramic capacitors 
They can have positive as well as negative coefficients as 
shown in Fig. 2. 


per cent 


Glass. Developments in processing of glass into thin 


ge from room 


temperoture vOlue, 


100 pom /deg C flexible ribbons has resulted in the use of glass as a 
\ pos/tive) 


hon 


dielectric. It is inherently stable and impervious to ex 
80 

(nm tive 
150 ego 


220 : eas 
330 tained with a positive 140 parts per million per deg ¢ 


470 change from —60 to 125 C as Fig. 2 indicates. 
ae Special Clays and Mixtures, Special mixtures of 
4 th 4. ° 7 ° ° 
40-20. 0 2040 27 ie Bentonite clay may be processed to yield thin sheets of 
TY . . . . . 
remperature, deg C dielectric. Also mixtures of titanium dioxide powders 


ce c 


tremes in environmental conditions. Presently manu 
factured glass capacitors as large as 0.1 mf can be ob 


poco 


- 


: and ceramic powders with thermosetting resin such as 
Fig. |-—Curves of capacitance change vs temperature 


(at 1 ke) of temperature compensating capacitors using epoxy resins are being investigated, 

titanium dioxide-based dielectric materials Organic Dielectrics. Organic dielectrics may be 
divided into two groups, impregnated paper and _ plastic 
film. Separators of organic fiber paper such as linen or 
kraft paper are impregnated with suitable fluid dielectrics 
to yield a large number of temperature coeflicient curves 
Dielectrics such as Mylar, Teflon, polystyrene and glass 


leflon are affected by temperature changes. Impregnation 


OC 
ent 


of these materials with fluid or solid imnpregnants ¢ hanges 


the original temperature coeflicient to a new value 


- 


rhanes trn 
ram room 
ge 

volve r 


Capacitor Selection 


OTy 


The first step in selecting a temperature Compensating 


» 


a 

t 

t 

N 
2 @ 

‘ 

f 

© 

: 


capacitor 1s to determine what temperature coefficient 


POL 


is needed to compensate for changes in other components 
In many cases a linear relationship between capacitance 


change and temperature may be safely assumed. There 

is i 1 hie a ine is generally a slight curvature, but the specified tolerances 
20 40 60 80 100 120 140 160 180 on commercial units are usually wide enough to allow for 
Temperature, deg ( such curvature. For the purpose of computation two 
Fig. 2—Curves of capacitance change vs temperature temperature values, usually 25 and 8&5 C, are chosen and 
(at 1 ke) for capacitors using mica, glass and bentonite the capacitance value required at each temperature is 
clay dielectrics, (MC) mica, MIL-C-5 characteristic G determined. Where the RC or RL product is the control- 
£200 pm per deg C; (P70-M) characteristic F, 0 to 70 ling factor, it will also be necessary to determine the 
ppm; (N20-M) mica; (N50-M) mica; (G) glass, 150 


values of resistance or inductance at these temperatures 
ppm; and (B) bentonite clay, 100 ppm. 


The temperature coefficient of the compensating capacitor 
may then be determined by inserting the values of capaci- 
tance and « apac itance difference in the following equation 


AC «x 10° 
parts per million per deg 


ol 
AC ™« 100 
per cent 
( Kf 
where a = temperature coeflicient of capacitance 
\f capacitance difference at the two temperatures 
( capacitance at room temperature 
{=temperature difference 


As long as a straight line function is assumed any two 


4 i ‘ A i 4 mand 


49 ~-20 0 20 40. 6 80 100 120 temperatures far enough apart to produce a measurable 
Te e ° mW. 
emperature, deg difference in capacitance are satisfactory. The same equa 


Fig. 3—Curves of capacitance change vs temperature tion may be used for other types of components with the 


(at 1 ke) for capacitors using paper impregnated with proper values substituted for C, and A C. 
(H) halowax, (M) mineral oil, (S) silicone fluid, (C) With the required temperature coefficient known, a 


castor oil and (D) chlorinated diphenal. suitable capacitor may be chosen. If none is available, 
two or more may be connected in parallel with the values 


determined by using the following equation. 
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apart 
where u 
aT —~aa 
(/4 and Cg= capacitance values to be connected in parallel t 
obtain Cy 
Cr = total capacitance 
ar =overall temperature coelflicient of Cy 
aa =temperature coeflicient of C4 
arn temperature coellic rent of ¢ RB 


In general circuit work the capacitance values fall in 
a small range between a fraction of a micromicrofarad 
to 0.1 mf. This range Is ¢ overed economically by ceramic. 
mica and glass capacitors. However, whenever the re 
quirements call for capacitance values to 10 mf and tem 
perature extremes of —-70 C to 225 C, mica capacitors. 
although of a larger dielectric constant, have a large 
drop in insulation resistance, Q and voltage ratings. Im 


pregnated paper or plastic film capacitors may then be 


used. After the capacitance and the required temperature 
coefficient of capacitance have been determined, various 
other requirements must be checked. These include such 
items as voltage rating, insulation resistance, stability. 
retrace of temperature coefficient, and the effects of 
voltage and frequency. 

Stability. Several factors affect the temperature co 
eflicient of capacitance of the dielectrics used in precision 
capacitors. The dielectric constant of barium titanate 
materials changes with time due to their inherent char 
acteristics. However, this has been largely overcome in 
temperature compensating capac itors. In paper capacitors 
with various impregnants the stability of the impregnant 
will change over a period of time. Additives and ageing 
are required to stabilize the dielectric material 

Phe dielectric constant of certain plastics such as Mylar 
will change with prolonged heating at high temperatures 
However. other materials such as Teflon and glass-fiber 
Teflon do not change with temperatures up to 225 C 

Purity. Impurities in ceramic dielectrics appreciably 
change the Q, insulation resistance and dielectric constant 
Elimination of moisture in mica and paper is very im 
portant. If moisture and acid impurities are present, 
heating can cause chemical reactions which will shift the 
dielectric constant perceptibly. Plastic films in some 
instances contain moisture and plasticizers. These must 
be reduced to a minimum to stabilize the temperature 
coefhicient. 

Dielectric Constant Variations. In addition to 
temperature, the dielectric constant of many materials 
is affected by frequency and voltage. Many organic di 
electrics are influenced only slightly by frequency as 
compared to non-polar dielectrics such as Teflon and 
polystyrene. The magnitude of the dielectric constant 
change in paper depends largely upon the type of im 
pregnant used, particularly whether it is of a polar or 
a non-polar type. There is an appreciable change in the 
dielectric constant of chlorinated diphenals (polar im 
pregnants) as the frequency and temperature changes 
On the other hand, the dielectric constants for non-polar 
mineral oil or silicone fluid are only slightly affected 
The dielectric constant of polar plastics are affected more 
by temperature than that of non-polar plastics, such as 
leflon, although there are spec ial cases where large varia 
tions do occur in non-polar materials such as polyethylene 


Capacitors having ceramic dielectrics often have ferro 
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temperoture volue, per cent 


Capocitonce change from room 


20 
Temperoture, deg C 


Fig. 4—Curves of capacitance change vs temperature 
(at 1 ke) for capacitors using plastic film dielectrics, (M) 
Mylar, (AS) cellulose acetate and silicone fluid, (PES) 
polyethylene and silicone, (P) polystyrene, (T) Teflon 
and (GT) glass fiber and Teflon. 


er cent 


» 





Copocitonce change from room 
temperoture volue 


nanreseranisiiepienittaril ciate 
0 20 +40 
Temperature, deg C 


Fig. 5—Curves of capacitance change vs temperature 

(at 1 ke) of two capacitors of equal capacitance and 

using dielectrics of dissimilar materials. (M-P) Mylar 

and polystyrene, (T45) Teflon and glass, (GT-T) glass 

fiber-Tefion and Teflon, and (A-L) cellulose acetate and 
polyethylene, 


per cent 


tance change from room 


temperoture voive 





Capoc 


-O8 
10 
1 2 — - + + — 1 _ l - 4 
60 40 20 0 20 40 60 80 100 
Temperature, deg C 


Fig. 6—Curves of capacitance change vs temperature (at 
| ke) in series-parallel wound capacitor using dielectric 
of Mylar and polystyrene. (S-MP) equivalent series 
Mylar-polystyrene capacitor in parallel with polystyrene 
capacitor, | to | capacitance ratio; (M) Mylar; and (P) 
polystyrene 





electric properties in that they are affected by variations lo eliminate the need for paralleling capacitors Con- 
in applied voltage. In many of the applications where the denser Products Research Laboratory has developed meth- 
temperature coefficient of capacitance is important, the ods of winding laminates of two or even three different 
voltages are low and variations in the dielectric constant films in a single concentric unit. This type of construction 
and in the capacitance are not large enough to be of provides a large variety of high capacitances and tem- 
serious Consequence. perature coefhcients over wide temperature ranges. For 
impregnated Paper vs Plastic Film Capacitors. example, Fig. 6 shows the capacitance change vs tempera- 
lo illustrate the differences in characteristics of impreg ture for double layer wound Mylar-Styroflex units such 
nated paper capacitors and plastic film capacitors, the that the unit is equivalent to a series-connected Mylar and 
following cases are cited. A critical circuit may call for Styroflex capacitor in parallel with a Styroflex capacitor 
a capacitance standard in a_ bridge-circuit requiring With proper processing the units will have a room tem- 
stability of room temperature capacitance as well as a zero perature stability in the order of 0.1 per cent and a 
temperature coefficient of capacitance over a large tem maximum capacitance change of less than 0.25 per cent 
perature range. Another circuit may call for a negative over a temperature range of 10 C to +75 C. 
temperature coefficient of capacitance to 200 © and in By a similar winding method Teflon and fiber-glass 
addition, an insulation resistance of 1000 megohms ~ mf. impregnated Teflon can be processed to yield an overall 


In some cases paper capacitors will suffice and in the capacitance change of 1 per cent over the temperature 


others only the plastic film capacitor can meet such special range —70 to +200 C. In most cases the composite film 
requirement. There are applications where the paper capacitor will have the same electrical characteristics as 
capacitor will not be satisfactory because the capacitance those listed in the table or some value between film char- 
shifts appreciably with variations in the temperature. acteristics used. ) 
Paper capacitors are best suited for use in laboratory 

standards and those instances where the temperature is References 


not higher than 75 C. Inherent characteristics of certain “Dielectric Materials and Applications” (1954), A. R. Von 


plastic film capacitors, however, allow the capacitance to Hippel, Technological Press of M.L.T. and John Wiley & 
the quite stable no matter how much temperature cycling Sons, Inc., New York. 
it undergoes. The accompanying table shows some com- “Capacitors—Their Use in Electronic Circuits” (1946), M 
parisons between the various paper and plastic dielectric Brotherton, D. Van Nostrand and Co., Ine., New York. 
materials I iy 3 shows curves of capac itane e vs tempera New Nonrigid Materials for the Fune tional Design of Ele ; 
. . trical Insulating Systems Alex. E. Javitz, ELectricat 
ture for paper capacitors using various impregnants. es 
MANUFACTURING, September 1953 

A valuable characteristic of plastic film is that the tem i : : : : . ; : : 
Ferroelectric Dielectrics Used in Voitage-Sensitive Capaci- 
tors,” James L. Jenkins, Evecrrica, MANUFACTURING, 
that of impregnated paper and also the highly stable July 1954 
“Circuit Applications of Voltage-Sensitive Capacitors,” James 
As shown in Fig. 4, plastic films have a large range of L. Jenkins, Eceerrican Manuracturinc, December, 1954 
iemperature coefficients. In most cases the curves are “A New Compression Molding Process for Printed Capaci 
fairly linear and proper paralleling of any two units using tors,” E. M. Davies, R. S. Marty and P. J. Franklin 
Eqs. | and 2 will give a large choice of intermediate EiLecrricaL MANuracturinc, February 1955, 
coeflicients of capacitance as big. 5 illustrates. In sper ial C vs 7 for Capacitors,” R. G. Lindstrom, Electronic Design, 

June 1954 
“Ceramic Capacitors in Circuit Miniaturization.” J. M 

Brownlow and G. N. Howatt. Tele-Tech, October 195] 


3 “Capacitor Miniaturization,” George Mistie, Aero Digest, 
connected in parallel with monolithic glass dielectric Maw t0Ke 


perature coefficient is highly reproducable compared with 


ceramics when caution is used in manufacturing. 


cases where a small capacitance is required with a flat 
temperature coetlicient of capac itance over a temperature 
range of 60 to +200 C, capacitors of Teflon can be 


capacitors to have a coefficient of 0 ppm per deg ( “Plastics as Capacitor Dielectrics-Cellulose Acetate,” George 


over the entire range Mistic, Plastics Technology, April 195 


Comparison of Plastic Film and Paper Dielectric Capacitors 


Insulation Resist- 
Capacitance ance at 85 C and 
Power Factor at 25 C, Per cent Ratio 600 vd-« 
Design Constant 85 C Relative Operating Temperature 
Dielectric Material In, #/mf/mil 60 cps ke to 25 C) 60 cps Meg « mf Range C 


Cellulose acetate 520 0.9 5 105 200 70 to 125 
Cellulose acetate and silicone fluid 550 00 6 104 100 60 to 125 


Polystyrene 1000 05 99 100 ,000 70 to 90 

Polyethylene 1200 05 96 1000 70 to 85 

Teflon and glass-T eflor 1300 05 99 70 to 250 
Teflon and silicone 1000 06 98 2 60 to 200 
Mylar 800 40 102 70 to 165 
Mylar and silicone 77 45 103 60 to 165 
Paper and mineral oll 600 0.2 35 102 50 to 110 
Paper and polyisobutylene 600 30 101 50 to 130 


Paper and silicone 560 35 101 
Paper and chlorinated dipheny! 430 96 
Paper and castor oll 455 96 


60 to 130 
20 to 90 
20 to 65 





Adhesives 
as a Design Tool 


{dhesives have been described in an 


earlier article in this publication as “*chem- 


wal fasteners.” And they can thus be de- 


signed into a product essentially like any 
other component. They can help resolve 
specific design problems, such as space 
factor or weight reduction, and they can 
provide production advantages unobtain 
able with other joining means. In_ this 
article the author reviews the major types 
of adhesives and relates their properties 
both to types of materials to be joined and 


to product applications. 


APPLICATIONS OF ADHESIVES in the design and manufas 
ture of electrically energized products are both numerous 
and varied. An earlier article’ had reviewed the major 
classes of adhesives and analyzed some application case 
histories. In the several years that have elapsed, the avail 
ability of adhesive materials has broadened considerably 
and the range of characteristics has been extended. For 
example, recently developed adhesives make it possible 
to produce metal-to-metal joints with shear strengths of 
the order of 3000 to 5000 psi 

A decision to use adhesives has to be based of course 
on an analysis of plus and minus factors suitably bal 
anced, A comparison between adhesive joints and bolted, 


riveted, clamped, soldered or spot welded joints is shown 


® See 4 esives } lene 4 I Javitz J 19% bis 
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Chicag 


diagrammatically in Fig. 1. The comparison factors can 


be summarized as follows 


{dvantages of Adhesive Joints 


1. Bonds are distributed instead of bein concen 


trated at high stress points 
2. Galvanic corrosion is prevented 
3. The adhesive can serve as an electrical insulator 
L. The joint can be designed as a moisture barrier. 
». Thin sheets can be bonded without distortion. 
» Britthe materials can be readily joined 
7. Smooth exterior surfaces are obtained 
&. Assembly costs are usually lowe 


9, Space factor advantage can be obtained 


Disadvantages of {dhesive Joints 


1. Time is required to develop full bond strength 


Resistance to is limited 


s. Some adhesives are aflected by water or solvents 


high temperatures 


L. Some materials (e.g. Teflon and pol ethylene ) 


are difficult to bond 


Basic Properties of Major Adhesives 


lable | provides a compilation of published data on 
reneral properties of a number of examples of the four 
main types of modern adhesive materials. These ty pes 
ire 

| Thermopla tic Resins 


Since resins such as vinyls 


and cellulosics soften and flow when heated. the cannot 


be subjected to high temperatures. Joints remain flexible 
resistance to organic solvents is usually low 
) 


Thermosetting Resins hese resins (pher oles are 


ty pu al) are permanently set by heat. Water and solvent 


resistance are high joints are rigid 


) 


3. Natural and Synthetic Rubber 
form flexible joints 


Rubbe ! 


resistance to water solvents, heat 


ihe siVes 


ind cold vary with the type of rubber 


1 Mixed Types Many of the newer adhe es iff 
thermosetting resins mixed with thermoplasti« rubber 


They combine the static load resistance of rigid joints 





BOLTED, RIVETED, CLAMPED, 


SPOT WELDED, SOLDERED 
Fig. 1—Comparison of adhesive bond- 


ing with other methods of joining. 


Teflon, polyethylene, etc., 
can be joined 
Immediate 
full strength 


ADHESIVE-BONDED 


Galvanic corrosion 
prevented 


Electrical insulation 


Bond distributed 


(not concentrated 
at stress points) _ 


Resistant to 


high temp Not affected by 


water or solvents 


with sufheient flexibility to hold firm under ditlerential 
thermal expansion or vibration 

The reference numbers in Column 2 of Table | are used 
throughout this article to identify adhesive materials 
under dise nssion 

lable I] (compiled from published data) lists eles 
trical properties of a number of materials used in ad 
hesives. While the exact resistivity, dielectric 


etc., of a compounded adhesive will depend on the nature 


strength 


and amount of other materials added to the main constitu 
ent, these data nevertheless provide an indication of the 
behavior to be expected from the adhesive layer in an 


subjected to electrical stresses 


ASTM tests, } 


assembly, when it. is 


(Table IIT lists applic able 


Selection of Adhesives 
Choice of a satisfactory adhesive for a particular appli 


cation requires consideration of the following: 


1. Materials To Be Joined 


relative thermal expansion, et 


Heat resistance porosity, 


ce Application ( onditions Linn available, possibility 


of applying pressure, et 


3. E rpec ted Service Conditions. Nature of stresses on 


the joint, exposure to water, solvents, heat, et 


A vood approach to the problem is to list first the 
adhesives that have been found satisfactory under some 
then to make a 


selection from these by taking into account the applica- 


conditions for the materials to be joined 


tion conditions and exper ted service conditions, as well 
as certain properties of the materials. 

lable IV lists by reference number (Table 1, Col. 2) 
adhesives recommended for joining various materials 
This table represents a consensus of technical literature 
and manufacturers’ recommendations. Any of the adhe 
I'l, T8, ete.. for steel) 


may be satisfactory for joining that material to itself. For 


sives listed for a material (e.g. P4 


joining two unlike materials (e.g., steel and rubber) any 


of the group of adhesives that are listed for each of the 
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No distortion of 
thin sheets 


Brittle materials 
readily joined 


Smooth 
exterior surface 
and good space 

factor 


Moisture barrier 


Lower cost 


two materials (Tl, T8, R3, M2) may be satisfactory. 
lable IV also gives the approximate thermal expansions 
of materials; these must be considered when two unlike 
materials are joined. 

Selection among the alternative adhesives for a given 
application should then be made by taking into account 
certain properties of the two materials, and the condi- 
tions of applic ation and of expected use. These factors 


are discussed in the following: 


|. Heat Vaterials. 


sives (See Table 1, Col. 8) usually 


Resistance of Heat-cured adhe 
form stronger joints. 
in a much shorter time, than room-temperature setting 
adhesives, In general, paper, textiles and thermoplastics 
require a room- or low-temperature cure, whereas wood 
and thermosetting plastics will stand moderate heat dur- 
ing curing, and ceramics and metals high heat. Practical 
limitations on length of cure, access of air, permissible 
amount of deformation, etc., may influence the choice of 


adhesiv e. 


Zz Porosity of 


(See Table I, 


! ials, ef. 


Vaterials. adhesives 


Col. 8) are satisfactory for porous mate- 


Solvent-release 


wood, paper or textiles, but generally not for 
two nonporous materials, such as metals, ceramics or 
rubber, where solvent can escape only at the edges of the 
joint. However, in some applications the solvent can be 


evaporated off before joining. and the adhesive reacti- 
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Table i—Adhesive Types, Costs, and General Properties 


(3) (4) (5) (6) (7) 


Approx. 
price 
per Ib 


zz 
ef 


Type of 
joint 


Flex. 
Flex. 


Solvents 


Adhesive used* 


Color 
Colorless 
Colorless 
Colorless 
Colorless 
Colorless 
Coiorless 
Colorless 


= | 
. < 
n= 


Cellulose nitrate 
Cellulose acetate 
Methyl! methacrylate 
Vinyl acetate 

Vinyl butyral 
Styrene 
Polyisobutylene 


0.20 
0.30 
0.40 
0.30 
0.70 
0.40 
0.40 


x 


Nba be 
momm 


VPVVY 
x == 


x 


Thermo- 
setting 
resins 


~  vUvD 


' 
_ 


Phenol-formaldehyde 0.30 Brown 


< 


A, IM AMAA 


> DOD 


' 
~ 


Urea-formaldehyde 0.20 


0.40 
0.70 


Colorless 


Melamine-formaldehyde 


Colorless 
Resorcinol-formaldehyde 


Brown 


= 


I xrOo x 
x =* = 


1.00 
0.40 
5.00 


Brown 
Amber 
Amber 
Tan 


Furfury! alcohol 
Alkyd 


zfP> FP? £ 


Silicone 
Epoxy 


a adda aad a 
wo Ono -o 


Polyurethane Amber Semifiex 


Natural rubber Tan Flex. 


Reclaimed rubber Flex. 


Neoprene rubber Flex. 


ee 2 BOO 


Nitrile rubber Flex. 


Phenol-formaldehyde 
nitrile rubber 


2.50 Semifiex. 


M-2 


M-3 
M-4 


Phenol-formaldehyde 
vinyl acetal 
Phenol-formaldehyde 
vinyl! butyral 
Resorcinol polyamide 


0.50 Semifiex. 


0.60 Semiflex. 


2.00 Semifiex. 
NOTES; 
" Solvents: 
Aleohols (denatured ethyl, prepyl, and butyl) 
B: Petroleum hydrocarbons (petroleum ether, V. M. & P. naphtha, mineral spirits, kerosene) 
E: Esters (ethyl, propyl, and butyl acetates). 
H: Aromatic hydrocarbons (benzol, toluol, xylol). 


K: Ketones (acetone, methyl ethyl ketone, methyl isobutyl ketone). 
W: Water. 
» Application Conditions: 
1: Separate catalyst or activator added before ase 
F: Fused. 
H: Cured at high temperature (150 C) 
M: Cured at moderate temperature (100 C) 
P: Pressure required during cure 
© Resistance to Deterioration: 
Resistance of cured joint to attack by W 


KR: Cured at room temperature 
S: Volatile solvent released 
T 
v 


Vulcanized. 


water, 5 


solvents, H: heat, 


and C: cold ts indicated as H: 


Table ti—Electrical Properties of Materials Used in Adhesives 


Dielectric strength. 


Log volume resistance, 
volts /mil 


Approx. dielectric 
ohm-cm 


constant 


Material D-149* D-150 
Cellulose nitrate 
Cellulose acetate 
Methy! methacrylate 
Viny! acetate 

Vinyl! butyral 
Polystyrene 
Phenol-formaldehyde 
Urea-formaldehyde 
Melamine-formaidehyde 
Alkyd 

Silicone 

Epoxy 

Natural rubber 
Neoprene rubber 


275 
475 
400 
400 
600 
350 
350 
350 
300 
250 
400 
425 


oo Oo 


on 


*ASTM test method 
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conditions” 


(8) (9) 


Resistance 
to attack by 
W-S-H-C° 


Applic. 
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rz 
$= 
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z 
x 
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zit 
=t= 
x7tzz 


as 
zz 
t 
= 


zz 
=z 
zz 


> = Sa00 


zrzrz?’ 


= = tee 
x 2 2xrxr=z 


R, 
S 
V 
$ 
V 
$ 
V 
$ 
V 
P, 
P 
P, 
P, 
H 
K 


=z rtrrt 


: Cured at very high temperatere (ever 200 C) 


high, M: mediam, 


Approx. power factor 
D-150 


0.08 
0.05 
0.05 
0.02 
0.01 
0.0002 
0.05 
0.03 
0.07 
0.02 


0.002 
0.004 
0.003 





Table I11—ASTM Standard Methods of Test for Adhesives 


Designation Test 


D-553-42 Viscosity and Total Solids of Rubber Cements 
D-816-51T Rubber Cements (Tentative) 
D-896-51 Resistance of Adhesive Bonds to Chemical Reagents 
D-897-49 Tensile Properties of Adhesives 
D-898-51 Applied Weight per Unit Area of Dried Adhesive Solids 
Applied Weight per Unit Area of Liquid Adhesive 
Peel or Stripping Strength of Adhesives 
Effect of Light on the Permanence of Adhesives (Tentative) 
Shear Strength of Adhesives by Compressive Loading 
Shear Strength of Adhesives in Plywood Type Construction by Tension Loading 
Definitions of Terms Relating to Adhesives 
Impact Strength of Adhesives 
Shear Strength of Adhesives by Tension Loading (Tentative) 
Cleavage Strength of Metal-to-Metal Adhesives 
D-1084-50T Consistency of Adhesives (Tentative) 
D-1144-51T Strength Development of Adhesive Bonds (Tentative) 
D-1146-53 Blocking Point of Potentially Adhesive Layers 
D-1151-51T Moisture and Temperature Effect on Adhesive Bonds (Tentative) 
D-1174-51T Effect of Bacterial Contamination on Permanence of Adhesive Preparations and Adhesive Bonds (Tentative) 
D-1183-51T Resistance of Wood Adhesives to Cyclic Accelerated Service Conditions (Tentative) 
D-1184-51T Flexural Strength of Adhesives (Tentative) 
D-1205-52T Adhesives for Brake Lining and Other Friction Materials (Tentative) 
D-1286-53T Effect of Mold Contamination on Permanence of Adhesive Preparations and Adhesive Bonds (Tentative) 
D-1304-54T Adhesives Used as Electrical Insulation (Tentative) 
D-1337-54T ccoreee Life of Adhesives by Consistency and Bond Strength (Tentative) 
D-1338-54T Working Life of Liquid or Paste Adhesives by Consistency and Bond Strength (Tentative) 
D-1344-54T Cross-Lap Specimens for Tensile Properties of Adhesives (Tentative) 


Note: As these standard methods come inte general use, it is expected that much more will be learned than is known at present about the relative 
value of different types of adhesives for specific uses and service conditions. ASTM Committee D-14 is also actively at work at present on standard 
specifications for adhesives; these will establish requirements, acceptable to beth producers and consumers, for performance of adhesives in a number 
of applications 


Table !V—Adhesives for Various Materials 


Approx. Approx. 
Thermal Adhesive reference Thermal Adhesive reference 
Expansion number Expansion number 
Material C x 10 (see Table |) Material C x 10 see Table |) 


Wood §5.0(1)| P4, T1, T2, T3, T4, . | Acrylics 9.0 T3, T4, R4, M1 & Solv. 1 
0.5(2) R3, M1, M2 (Note a) 


Rubber 8.0 Tl, T4, T8, R3, R4, Cellulosics 13.0 Pl, P2, T4, T9, R4 & 
Solv. 2, 3, 4 (Note a) 


Polyamide 10.0 T4, R3, R4, M4 


Ceramics 1.0 P4, P5, T5, T8, T9, 
R4, M2 


Paper, textiles, felt, P2, P3, P4, P5, T1, Vinyls 7.0 P4, R3, M1, M4 & Solv. 5 
cork by T4, T8, R3, M1, & 6 (Note a) 
4 
Vinylidene chloride P4, R3 

Leather P4, P5, T4, T8, R3, 

M2, M4 Polystyrene : P3, P6, T6, R4 & Solv. 7 

& 8 (Note a) 

Steel : P4, Tl, T8, T9, R2, 

M1, M2, M3 Polyester J T7, T8, R4 


Aluminum I 4, 7, Ti, te V9, . | Thermosets (Phenolics, y T1, T2, T4, T5, T7, T8, 
R3, M1, M2, M3 Ureas, melamines) R3, R4, M1, M2, M3 


8 ; , T8, T9, M1, M 

Magnesium 2 NOTE a: 

Copper, brass, bronze 4 T7, T8, M1, M3 Solvents for cementing thermoplastics to themselves: 
. Ethylene dichloride 

Zinc : R4, M1, M3 . Acetone 

. . Acetone 70°, Ethyl lactate 30°; 

Nickel ‘ R3, R4 . Acetone 70°, Methyl cellosolve 30°; 
. Methyl ethyl ketone 50°7,, Toluol 50°, 

Tin , R4 . Methyl ethyl ketone 80°), Propylene oxide 20°, 
. Xylene 

Fiuorocarbons . , 78 . Diethyl benzene 


The surfaces to be joined are immersed in the solvent until 
soft, usually for a few minutes, and are then held together 
under pressure until the solvent evaporates. 


(1) across grain; (2) parallel to grain. 


Silicones 
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Table Vi—Typical Applications of Adhesives in Electrical Products 


1 
Apparatus or part 
Relay and switch coil cover 


Cable sheath (Alpeth and Stalpeth) 


Carbon resistor sleeve 
Switchboard and shelf panel facing 
Cable end sealing 


Message register cover window 


Glass-enclosed carbon resistor mounting 
bracket 


Copper-clad phenolic laminate for printed | Copper to phenolic laminate 


circuits 


Relay and switch coil interleaving and 
cover 


Note: Many eof these adhesives contain several ingredients. 


2 


Material surfaces joined 
| Cellulose acetate to itself 


Aluminum to aluminum 
polyethylene sheath 


Molded phenolic to phenolic laminate 

Phenolic laminate to wood 

Steel to polyethylene 
| Vinyl chloride to aluminum 


Glass to tin-plated brass 


| Cellulose acetate to itself 
i 


3 
Adhesive; reference number (see Table |) 
Cellulose nitrates; P1 


(seam) and to Polyisobutylene; P7 


Phenol-formaldehyde; T1 

Resorcinol-formaldehyde; T4 

Reclaimed rubber; R2 

Neoprene rubber; R3 

Nitrile rubber; R4 

Phenol-formaldehyde-butyral (on copper 
foil); M3 


Acetone (as solvent cement) 


They are identified in Column 3 by the major adhesive substance present. 


Table V—Adhesives for Various Service Conditions 


Service Conditions 
Static loads 
Impact 
Vibration 
Electrical 
Water 
Solvents 
Heat 
Cold 


Differential expansion 


vated just before pressing together by wiping lightly 


with solvent, or by heat. 


3. Relative Thermal Expansion. Two materials that 
expand or contract at very different rates with tempera 
ture variations (See Table IV, Col. 2) require an adhesive 
that 


rubber 


remains sufficiently elastic, such as thermoplastic, 


Materials 
with unequal expansion may require a room-temperature 
Table I, Col. 8) to 
For joints with rigid 


r mixed types (See Fable I. Col. 6) 


or low-heat curing adhesive (See 


avoid distortion during curing. 
adhesives. the thermal expanson of the adhesive should 


approximate that of the materials joined. 


4. Cohesive Strength of Materials. In some applica 
tions, high bond strength is unnecessary. Materials of 
low cohesive strength such as felt, cork, asbestos, paper 


or rock wool can be held in place with sufficient firmness 
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Indicated adhesive (designated by code references used in Table |, Column 2) 
Tl, T2, T3, T4, T5, T6, T7, T8, M1, M2, M3, M4 
P1, P2, P3, P4, P5, P7, R1, R2, R3, R4, M1, M2, M3, M4 
Pl, P2, P3, P4, P5, P7, R1, R2, R3, R4, M1, M2, M3, M4 
P3, P4, P6, T1, T2, T6, T8, RI, R3, M1, M2, M3 
P4, P6, P7, T1, T3, T4, T5, T7, T8, R3, M1, M2, M3, M4 
M1, T1, T2, T3, T4, T5, T8, T9, R4, M1, M2, M3, M4 
TI, T3, T4, T5, T7, T8, M1, M2, M3, M4 
T1, T2, T3, T4, T7, T8, M1 
P1, P2, P3, P4, P5, P7, R1, R2, R3, R4, M1, M2, M3, M4 


A small applied lores 
than break the 


by a relatively low-cost adhesive 


will delaminate felt, for example. rather 


adhesive joint 


5. Adhesive Layer Thickness 
produce an adhesive film thick 
Where this is not feasible 


vap-filling”’ 


Sufficient pressure should 
be applied normally to 
ness no greater than O.O1 in 
good properties should be 


adhesives with 


used: such as resorcinol-formaldehyvde phenol formal 


dehy de and epox y 


and 


Availability of 


sequence of operations on the adhesive-bonded product 


6. Setting Time storage 


spat ‘ 


may dictate the use of a fast-setting adhesive. In general 
heat-cured adhesive joints are up to full strength a 
as they cool off, but low temperature curing adhesives 


hours to several days to 


Fable 1. Col 


may several le velop 


require 


maximum strength (See 





i. Pressure During Curing. Some adhesives require 
pressure (usually 20 to 200 psi) during curing to develop 
full strength (See Table 1, Col. 8). However, if there is 
contact pressure only, the joint strength with such adhe 


sives may be sufficient for some applications 


&. Separate Catalyst’ Certain thermosetting resin ad 


hesives require a separate catalyst or activator, added 


just before use (See Table 1, Col. 8). The proportions 
may be critical, and the useful life after mixing relatively 


short 


9. Color of Adhesive 
sembly is necessary, or where the appearance of the edge- 


of the joint is considered important, a dark-colored ad 
hesive may not be satisfactory (See Table I, Col. 5) 


Where transparency in an as 


10. Costs. Adhesive material cost is usually an ex 
tremely small fraction of the total cost of assembled 


apparatus (See Table 1, Col. 4 for approximate prices) 


1] Expected Stresses (See Table V). Rigid joints 
made with thermosetting adhesives show good resistance 
to tension and shear, but not to impact. Thermoplastic 
and rubber-type adhesive joints resist impact, but should 
not be used for applications where the joint will be sub 
jected to constant load. The mixed-type adhesives, phenol 
i“ acetal, butyral and rubber, were developed to com 
bine the srength and resistance to static loads of thermo 


setting adhesives with suflicient elasticity to permit their 


use in bonding to metal (different thermal expansion ) 
and in assemblies subject to vibration. (See Table I, Col 


6 for classification of adhesive joints as flexible or rigid) 


12 h vposure lo ut alter Solvents Hleat and ( old (See 
Table 1, Col. 9 and Table V) 


release adhesives (see lable | Col 6) Is reversible: ex 


The setting of solvent 


posure of such adhesives to the original solvent or one 
in the same group (See Table I, Note “a”) usually weak 


ens or destroys the bond 


Surface Preparation 


Three points are especially important in’ preparing 


surfaces for adhesive bonding 


1. Matching Surfaces 


tained between matched 


Much stronger joints are ob 
tight-fitting surfaces than be 
tween surfaces with irregular contact. This is parti ularly 
important in solvent cementing of the rmoplastics (Table 


IV. Note “a”’) where there is no adhesive layer 


2. Clean Surface If 


part of a material surface 


vrease, dirt, rust, ete cove! 
the adhesive will bond to these 
if it bonds at all, rather than to the material; since they 
are usually not firmly attached to the surface, the joint 
may subsequently fail. Cleaning with a solvent such as 


trichlorethylene is usually effective 


s. Fresh Surfaces A freshly milled surface, even if 
smooth. can be bonded more firmly than a surface ex 
posed for some time to air. The molecular forces avail 
able for holding the adhesive film are greater, since they 


have not been partly neutralized by oxidation. Sanding 
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or roughening, in addition to providing for some mechan 
ical interlocking, and increasng the area avalable for 
bonding. exposes a fresh surtac e to the adhesive. ana 


thus contributes to a stronger joint 


Typical Applications 
At the Hawthorne Plant in Chicago of the Western 


Electric Company, a wide variety of electrical products 
are manufactured, for both telephone and military use 
These produ ts range from small-size resistors to complete 


automatic switching systems ready for 


installation in 
telephone central offices. To illustrate typical uses of ad 
hesive bonding in electrical products, 
at Western Electric, Hawthorne. have been listed in Table 


VI. In each of these a different adhesive is used. For 


nine applications 


some of these applications only a few hundred pounds 
per yeal ol the adhesive are required ; in others thousands 


ol pounds are used: and one 


the synthetic thermoplastic 
adhesive (called “flooding compound” ) placed between 
the corrugated aluminum or steel inner sheath of cable 
and the outer polyethene sheath. is used in quantities 
approaching half a million pounds per year 

Kach adhesive listed in Table VI was chosen to form 
the strongest joint possible between the two surfaces 
involved, with due regard to assembly conditions, cost 
stresses expected in service, likelihood of exposure t 
various deteriorating agents, et as explained above 


Some applications are illustrated in Figs. 2 and 3 


Automatic Assembly Methods in Adhesives 


With the increasing emphasis on automation the use of 
adhesives in automatic assembly techniques is of interest 
Printed wiring, usually consisting of copper-foil pattern 


bonded with an adhesive to an insulating base, is a well 
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Fig. 2—Cellulose nitrate adhe- 
sive is applied in Western Elec- 
tric plant to cellulose acetate 


covers on coils for telephone 
relay. 


Fig. 3— Closeup of Western 
Electric's new wire spring+ype 
telephone relay. The coil cover 
is cemented with cellulose ni- 
trate adhesive, and the coil ends 
(cellulose acetate film interleav- 
ing layers) are sealed by solvent 
cementing with acetone. 


known development in the application of automation to 
electronic assembly circuits. Some less familiar methods 
are described in the following: 


1. Adhesive Tape Conveyors. Pressure-sensitive ad 
hesive tape, made with a rubber-resin type of adhesive 


on a paper, cloth, or with plastics backing, is used in 


electrical products in large quantities, in many applica 
tions, for temporary or permanent fastening. An applica 
tion of particular interest is in the manufacture of printed 
wiring by a different method from the usual one of 
bonding copper foil first to the whole surface of the 
insulating 


base, then removing unwanted copper by 
etching, leaving the circuit pattern. 

In this alternative method, the conductor circuit is 
punched by means of a die from the copper foil onto 
pressure sensitive Lape. The tape acts as a conveyor; it 
carries the circuit to the adhesive-coated insulating board: 
an adhering punch presses the circuit onto the board 
the tape then carries the circuit and board through an 
adhesive curing zone, after which the board with the 
conductor circuit cemented to it is removed from. the 
tape. No chemicals are required. The circuit can be 
applied to a flexible material, which may afterwards be 
rolled into a tube or tape. or to the surfaces of an angle, 
channel, rectangular block, et 

Another application of pressure-sensitive tape in auto 
matic assembly processes is its use as a conveyor for 
components such as resistors and capacitors to be mounted 
on printed wiring boards. Such components can he ob 
tained from manufacturers on tape in rolls, stored in this 
form, and fed automatically to the mounting head of the 


assembly machine. 


2. Solid Film Adhesives. Automatic assembly can 
be facilitated in some cases by using an adhesive in solid 
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film form, pre-cut to the size of the surtaces to be joined 
placed between the parts, and heated, preferably by 
dielectric or induction heating. Vinyl butyral (P5) and 
phenol-formaldehyde vinyl butyral (M3) have been used 
in this way; some work has been done with polyurethane 

9) applied and partially cured on both sides of alumi 
num foil. Advantages are long shelf life, uniform adhesive 
thickness, and convenience of application. However, ad 
hesives of this type require pressure and a high tempera 
ture cure. 


, 


$. Automatu Vi ving of l wo-l omponent Adhesives 


High-strength joints can be obtained with contact pres 
sure only and a low temperature cure by the use of 
idhesives requiring a catalyst or activator. These must 
usually be mixed in fairly critical proportions shortly 
before use; automatic equipment has been developed 
for this purpose. Where spray application of the adhesive 
is satisfactory, spray guns are available that provide 
controlled simultaneous feed of the two components 
Adhesives in this group are phenol formaldehyde (T1) 
urea-formaldehyde (12), resorcinol formaldehyde (T4) 
furfuryl alcohol (T5) 
(T9). Advantages 


low temperature and pressure required, are the uniform 


epoxy (T8). and polyurethane 


of this approach, in addition to the 
cure, due to the constant time interval between mixing 
ind applic ation, and the uniform adhesive layer thickness 


General References 


Modern Plastics Encyclopedia (1954 Edition) 

Society of the Plastics Industry Handbook (1949) 
Structural Adhesives, Aero Research Ltd., (1951) 

ASTM Standards, Part 7 (1952). with Supplements 1953 
and 1954 





Constant Force Brush Springs 


[pplication of constant force springs 


allows the designer to select and maintain 
optimum pressure Jor good commutation 
and minimum electrical and mechanical 
wear rates throughout brush life. Design 
data and applications for the three princi 


pal spring designs are presented, 


Pik SELECTION OF OPTIMUM COMMUTATOR and slip ring 


brush pressures depends upon the rate of brush wear 
commutator speed and condition, type of holder and lop 
and face angles of the brush. Excess friction caused by 
unnecessarily high brush pressures accelerate brush and 


commutator weat lower pressures give poor contact 


Design point 
conventional 
pr ing ) 


Design point 
(constont force 
spring) 


Brush unit pressure 


Fig. | Combined brush wear rate curve is obtained by adding 
mechanical and electrical wear rates. Minimum point is opti 


mum value for brush design 
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cause sparking and heating. and increase electrical wea 
Ide ally. 


stant, optimum value throughout brush life. In the past, 


brush pressure should be maintained at a con- 


many types of spring loading devices were used with 
nevertheless, the fact that 
their load varies with deflection prevents conventional 


varying degrees of SUCCESS ; 


springs from maintaining a constant load through all 
stages of brush wear. 

With the development of constant force or zero gradi- 
ent springs, however, optimum pressure can now be 
obtained throughout brush life. Consisting of a coil of 
specially formed spring material, the Neg’ator spring 
exerts a constant restraining force to resist uncoiling 
and is capable of undergoing very large linear deflections 
with negligible buildup of the restraining force. Thus, 
full foree is effectively maintained throughout the return 
stroke 

The relationship between unit pressure and the frie 
tional and electrical wear rate of carbon brushes is 
shown in Fig. 1. It can be seen that an increase in brush 
pressure is accompanied by a decrease in electrical wear 
and an increase in mechanical wear. Obviously the goal 
of the designer is to select a brush pressure corresponding 
to the minimum wear rate point on the combined wear 
curve lhis coal is an elusive one when conventional 
springs are used 

A fully stressed spring on a new brush causes excessive 
contact pressure and frictional wear. As the brush mate 
rial wears, the contact pressure decreases until it reaches. 
for a very brief period only, the optimum value. As the 
brush continues to wear, the pressure exerted by the 
spring decreases and electrical wear progresses at an 
increasing rate until arcing occurs. This last condition 
can be remedied only by frequent spring tension adjust 
ments, introducing complications into the brush holder 
design and the risk of human error—-without actual 
assurance that the optimum contact pressure will be 
maintained for more than a fraction of the operating 
period. Use of constant force springs, Fig. 2, permits 
the selection of that contact pressure which will provide 
and maintain the minimum rate of combined mechanical 
and electrical wear without intermediate adjustments 

Design Factors. In general, the following improve 
ments in brush life and performance can be expected 
with constant force springs. 

1. A constant brush pressure on commutator or slip 
rings at all times with a minimum of service checks and 
idjustments 

2. Decreased brush wear. Due to the simplified design, 
increased space may also be available for longer brushes. 

}. Elimination of burned brushes or scored rings re 


sulting from over or under brush pressure 





Fig. 2—Three main classes of 
constant force spring designs. 
(a) Represents a Class I design 
in which the coil is in direct 
contact with the brush; (b) 
a Class II straddle design in 
which the load can be applied 
either by direct or indirect con 
tact; (c) illustrates a Class Il 
design in which the load is ap- 
plied indirectly through a lever 


1. Reduction of electrical wear caused by arcing. For 
the small rotor eccentricities likely to be encountered, 
the spring also exhibits excellent tracking at speeds 
considerably higher than the 


conventional springs. 


“break-contact” speed ot 
This is due to the low mass of the 
active material and apparent absence of any harmoni 
lrequency. 

>. Simplified design of both brush spring and brush 
holder assemblies. Auxiliary parts, such as the lever arm 


and spring adjustment assemblies are replaced by a simple 


backup plate in most designs. Mounted on brackets or 
studs, the compact holders reduce crowding on bracket 
arms, facilitate maintenance and inspection and permit 
mounting of additional brushes on the same commutator 
ring. 

The basic requirements for a spring design are dete: 
mined by: (a) The desired brush contact pressure: and 
(b) the widths, thickness and useful length of the brush 
material. From these requirements, spring specificatto 
are established as follows: 

| Loe ate the desired brush load ' P) in Pable | | if hy 
entry in the table represents a unique spring size there 


fore, a number of suitable alternatives may be open at 


this stage of the design. Any spring whose width equals 


or exceeds the available space can be eliminated 

2. Material thickness (t) and coil diameter (2R ire 
given at the extreme left of the table. These dimensions 
are related directly to the available space since the fully 


coiled spring will be outside 


a cylindrical shape whos 
diameter is at a maximum with a full buildup of material 
[wo full turns are required at full extension, therefore 
the fully coiled spring with its additional buildup of 


material has an outside diameter of 


OD 2.2R 
2K, 

where F is the overall travel of the brush. The factor 2.2 
illows an adjustment of R,, in manufacture to compensate 
for variations in material thickness 

3. After selecting a spring whose width, thickness and 
diameter fall within the space requirements, the overall 
length of the spring can be established. This should be 
sufficient to include two full turns of coiled material when 
in the fully extended position (see Fig. 3); plus the over- 
all distance (F) which the brush will travel as it wears 


plus an allowance (J) for a curved section when the brush 


big. 3 Overall length of spring is determined b 


mee for wear I), curved section J lasten 


plus extended allowance of two full coils 


in the most worn condition 


and a length (f) required 


for fastening. It is important that the curvature allowance 
J) be not less than 1.25 times the OD to assure that the 
full load osition 
Applications. Because of their simplicity, Class | brush 


holder assemblies are by far the most common! ised. The 


P) is developed in the lowest brush 


extended portion of the spring is nol drawn i} tangent 
of the 


import int. theretore, to 


to the coil, but is offset a small distance because 
high stress in the material. It is 
consider the location of the coil center and it math in 
section The dis 
tance between the center line path of the coi bj 1) 
OD and 
the bevel angle of the top of the brush Values for this 


relation to the position of the straight 


and the straight section is determined by the 
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Fig. 4 Enlarged view of Class I 
design showing lateral displacement 
of coil and load application point 


Fig. 5 Typical Class | application. As 
sembly is locked in place by back plate 
tongue bearing against stop on holder 


Fig. 6—-Class 1 


railway passenger cars. 


of human error in brush adjustment is eliminated 


spring design used on electric generating equipment for 
By providing a predetermined non-variable pressure 
between brushes and commutator, regardless of brush length, the possibility 


distance (H) for various brush shapes and spring sizes 
appear in Table Il. The distance between the load applica- 
tion point and the straight section is indicated by Hj. 

It should be noted that the full force of the spring is 
applied along the vertical axis of the brush despite the 
fact that it appears that only a vector portion of this 
force (as determined by the bevel angle) is applied. Due 
to the continuous vibration of the equipment there is little 
frictional load retarding the travel of the brush in its 
holder. Therefore, since the spring force cannot be 
transmitted through the brush to any other member but 
the commutator surface, the bevel angle of the brush does 
not change the effective load, whose only component 1s 
in the direction of the holder axis 

The brush holder assembly shown in Fig. 5 is used in 
a series of motor-generator welders and accommodates 
from one to five brushes, depending on the rating of the 
machine. One end of the spring is spot welded to the L- 
shaped back plate. The short arm of the back plate ex- 
tends perpendicular to the long axis of the brush and pre 
vents the coiled spring from being bent back and deformed 
in handling. The spring and back plate assembly is held 
in the die-cast brush holder by a tight fit and by the tongue 
which protudes from the plate and bears against a stop 
on the holder casting. For improved shock and vibration 
resistance in military versions of the welder the tongue is 
eliminated and the spring assembly secured by a screw and 
lock washer. As shown, the bevel on the casting permits 
easy and positive insertion of the spring assembly which 
is placed in at an angle along the beveled surface and 
pressed downward and backward until the tongue en 
gages the stop. Guides on the holder prevent lateral de 
flection of the spring assembly and facilitate insertion. 

A similar Class I application is shown in the engine 


driven electric generating equipment for railway passenger 


cars, Fig. 6. These units replace tension arm brush springs 
and provide 62- and 31-oz brush loads on a-c and d-c gen 
erators respectively. The spring and back plate assembly 
is bolted in place and its position located by a spring 
support pin and brush support key. The support key is 
staked to a machine screw located between adjacent 
back plates and is allowed to rotate freely for adjustment 
and removal of the spring assemblies. 

A cartridge assembly, used successfully in small motors 
for portable appliances, is shown in Fig. 7. This design 
permits easy removal and replacement of the complete 
brush holder assembly and brush after the serew cap is 


removed. Space required for the assembly is minimized 


} 


Fig. 7—Cartridge assembly for 
Class I design facilitates brush 
replacement in small motors for 
portable appliances. 
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Fig. 8 (right)—Top view of Class II 
straddle spring design. Allowance 10 
times material thickness should be 
made for bow caused by high stresses 
in straight section 
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Table 1 — Constant Force Neg’ator Brush Spring Design Chart* 


Width b, in 


Free coil diam 
Thickness t, in 2 R,, in Load P, ib 


0.002 0.145 0.492 


0.0025 0.182 0.619 


003 218 0.740 


0.866 


986 


010 


*Spring tempered 301 302 stainiess stee! 


Linear interpolation can be made horizontally interpolation of R,, and P follows the relation R 


by passing the extended end of the spring through a slot 
> bac ate { screwing it to the side of the P - - 
2 > a pone Ga SeneIeEng So Hae emma : Table I! — Spring Coil Displacement on Beveled 
—— Brushes 
Class II straddle spring brush holders are generally 


used where head space is limited and Class I coil springs 


H and H, (in.) values for various bevel angles 
cannot be used. The added cost of this spring may be 


5 OD in ) ie) 16 e) 30 
justified where space is at a premium. Either a one-piece 


0 0 
spring, coiled at both ends, or separate springs of equal 


0 0 
load may be used. The straight spring section may remain 
close to the side of the brush; however due to a cross 
curvature in this highly stressed section, a space allowance 
of 10 times the spring thickness is recommended, Fig. 8. 


As applied to large rotor-wound induction motors, Fig. 
9, the coils of the two springs are mounted on drums and 


0 0 
0 


0 
0 


p 
0 


0 
0 


a connecting shaft between the drums bears directly on 
the brush. The complete holder, accommodating four such 
assemblies, is horseshoe-shaped and is about 9 in 


diam. 


0 
0 
in 0 
0 


Designs similar to the Class II] application shown in 
Fig. 10 are used in heavy duty motors for mine equip 
ment, designed for reliable performance under rugged 


operating conditions with minimum maintenance. The 


0 
0.737 


0 
0 


0 


constant-force spring is mounted on a freely rotating 0 


drum attached to the brush holder. The force of the spr ing 


is applied through its extended end to a lever bearing 
igainst the end of the brush 


0 


Fig. 9 (below) —Compact height 
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H 
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H 
H 
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of Class Il design permits use 
of long brush holders in large 
induction motors 


Fig. 10-——Typical Class 
111 application. Coil 
drum and lever pivot 
are mounted on brush 
holder flange. 
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SERVO SERIES “%" 


Fundamentals of 


Servomechanisms 


Servomechanisms are defined and bast 


lypes., including viscous-damped linear 


and on-off, discussed. The important oper 


ating characteristics are evaluated. to 


vether with the prominent test methods. 


bias WORD SEERVOMECTIANISM means slave machine 
ind, basically, the closed-loop servomechanisms in. wide 
use today are just that. They are machines whose output 
follows the instructions of the input. Because it is a devices 
whose output is directly proportional to its input, a serve 
mechanism, or servo as it is called most often, might 
be thought of as an amplifier. Indeed, most servos are 
umplifiers of considerable power gain in which, for es 
ample the input might be a shaft rotation at a very low 
torque level and the output might turn a rotor requiris 
many horsepower 

Any device which is a power amplifier is not necessarily 
i servo 


This means that the 


system which causes the output to follow the input 


have the feature of “error sensing 


not sensitive directly to the magnitude of the input but 
rather. to the difference or error between the values of 
input and output. Because of this error-sensing feature 
a servo duplicates somewhat the mode of control char 


acteristic of the human. For illustration. consider a mat 
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lo qualify as a servomechanism, it must also 
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piloting a boat. He observes the difference between the 
location of his objective and where he is at the moment 
and pilots the boat so as to eliminate that difference 
(correct the error). When someone reaches for a pencil 
on a desk, his eyes guide his hand by watching the differ 
ence between the position of the hand and the position 
of the pencil. By so doing, the human is sensing and 
reacting to error 

A block diagram of a simple servo is shown in Fig. | 
The angles 6, and 6, are shaft rotations. 4, being the 
input and @, the output. The servo causes the yutput to 
attempt to follow the input. Notice that the input to the 
umplifier is not merely 6,. Instead it comes from. the 


differential and is marked « (for “error representing 
the difference between the input and output shaft rota 


tions. When the input and output shaft rotations are th 


fferentio/ 


Block diagram of simple servomechanism 





A Note About the Servo Series... 


Some months ago, the editors of ELECTRICAL MANU 
FACTURING saw the need for a group of articles that 
would serve as an easy-to-read introduction to the 
design of servomechanisms. The Servo Series which 
begins in this issue is the outcome of that observation 
It has been carefully written to give the reader a train 
ing in fundamentals broad enough in scope and in 
sufficient detail to qualify him to design simple servo 
mechanisms. The Series presents the most commonly 
used design methods, which fortunately do not require 
advanced mathematics for their application. 

The first article in the series tells how and why 
servos work, giving sufficient information to enable the 


reader to discuss the subject with servo designers and 


same, the error is zero, the output of the amplifier is 
zero and the motor produces no torque that would tend 
to change the position of the load. If the input were to 
change suddenly so that the output no longer equalled 
the input. and error signal would appear 


of the differential 


at the output 
The amplifier would strengthen this 
signal and cause the motor to develop a torque in such 
a direct is to cause the output shaft to come 
into correspondence with the input shaft. At rest then, the 
error is always zero 

The an plier senses neither output nor input but senses 
instead the 
that the ser illustrated in an error-sensitive device 


Notice that even if the load contains a large 


tlerence between the input and output, so 


inertia, a 
friction or any other form of resistance 
restraint. none of this is felt back at the 


rreat deal 


such as s] 


rixned reference vo tage 
Fig. 2—serve involving the change 
of a voltage to a shaft rotation. 
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understand some of their problems and terms. It also 
contains sufficient background information for the 
testing of servos. The second article covers the selection 
of components and the making of overall decisions that 
bracket the servo design and determine its maximum 
possible performance. The third article covers the tra 
ditional method of linear servo design, the linear anal 
ysis, and gives this analysis without requiring an under 
standing of operational calculus. The fourth article 
explains a new method of designing non-linear servos 
on the basis of an impact-momentum analysis. The fifth 
article in the series explains the phase-plane method 


of designing and analyzing non-linear servos 


input shaft. The differential in Fig. 1 is a Ly pu al mechan 
ical differential, such as is used in the rear end of an 
automobile, and has the property that its output is the 
ileebraic sum of its inputs in this case 6, and @ 
The statement has been made that the output follows 
Actually, this is not true in the instantaneous 
If the 
rapidly the output does not follow 
behind. This fact brings to light one 


problem of the servo desi ner, rane ly, lo deve lop a design 


the input 
sense, since there j ome inertia in every system 
input changes ver 


it exactly but lags 


in which the output will follow the input closely unde1 
all anticipated condition The problem is divided into 


two parts 


The first requirement is to select a motor and 


rearing such that there is adequate lorque available to 
accelerate and decelerate the load as rapidly as the input 


will be accelerated and decele rated 


6, é 
| 


Aa UJ 


| & Viscous 


Inertia 


| 


I domper 


Fig. 3—Linear servo in this diagram is sta- 
bilized by viscous damper and load inertia. 





Overshoot 


Displacement 


Fig. 4—Curves illustrate step 
response of linear servo 


Gy ~ underdomped cose 


Displocernent 


G,~ critically damped case 
Gy - overdamped cose 





Time 


Fig. 5—Graphs show the effect 
of damping on servo performance. 


The second part of the problem is to select gain and 
frequency characteristics of the amplifier so that the 
amplifier will have enough gain to cause the motor to 


develop torque even for small error signals (small differ 


ences between input and output shaft positions), Yet, 


the amplifier must not have so much gain (or combination 
of gain and phase shift) at any frequency as to cause 
the servo to repeatedly overshoot and undershoot the point 
of zero error when making a correction causing it to 
Most of servo de 

sign is concerned with eliminating these oscillations or, as 
it is called 


oscillate when the input is stationary 


“stabilizing the servo 

Servomechanisms are not always used to convert one 
shaft rotation at a low power level into another shaft 
rotation at a high power level. They are also for other 
forms of conversion, such as transforming a_ voltage 
into a shaft rotation proportional to that voltage. An 
example of conversion of a voltage into a shaft rotation 
is shown in Fig. 2. Here, dotted lines indicate mechan 
ial rotation and solid lines indicate electrical voltages 
Notice that the amplifier is again error sensitive. In 
this case, the error is the difference between the voltages 
Vi. and | } 
ment of 6@,, the output shaft of the servo. A conversion 
from 4, to I 


is a voltage proportional to the displace 


is performed by a potentiometer with a 
fixed voltage across its winding 
The general configuration here is the same as in Fig 


| in that a closed loop is formed from the differential 
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to the amplifier to the motor to the potentiometer and 
back to the differential. For this reason servomechanisms 
are often called closed-loop devices. Notice again that 
the load is not defined and that the load has absolutely 
no effect on the input. So far as the input voltage source 
is concerned its load is an amplifier preceded by a 
mixing network. The mixing network or differential in 
this case is a combination of resistors such that the 
error signal again is proportional to the difference be 


and V,. 


Viscous-Damped Linear Servo. [he most common 
type of servo is one which can be approximated by the 


tween | 


diagram of Fig. 3. 


This servo is called a viscous-damped 
linear servo and includes a differential, an error-sensing 
amplifier (assumed to be linear) and a motor (assumed 
to put out a torque proportional to the signal voltage 
driving it). The output load is considered to be in two 
parts: inertia J and viscous damper F. A viscous damper 
is a device that impresses on a shaft a torque propor 
tional to the velocity of the shaft and acting in a sense 
that resists the velocity of the shaft. An inertia, because 
of its resistance to change of speed, applies a torque to 
the shaft proportional to the acceleration of the shaft 
and in a direction to resist the acceleration of the shaft 
The system shown is all-mechanical; 6; and 6, are 
mechanical rotations and the differential is a mechanical 
component. The amplifier is assumed to be a device which 
takes the shaft rotation at « and puts it into some form 
which will drive the motor. Usually there is a conversion 
from shaft rotation to either hydraulic pressure or elec 
trical voltage somewhere along the line and further con 
version from that signal to motor torque. However, the 
basic servo principles hold whether the servo is electrical, 
hydraulic or pneumatic. 

When the word servo is mentioned, a viscous-damped 
linear servo such as shown in Fig. 3 is usually implied 
The designation “linear” refers to the amplifier, differen 
tial and motor, and means, for example, that when their 
inputs are doubled, their outputs are also doubled. It 
also means that the viscous damper delivers a torque 
proportional to the velocity regardless of the magnitude 
of the velocity. There is an assumption in the diagram 
that there is no coulomb (sliding) friction so that the 
only torques acting on the output shaft are the motor 
torque and the torques of the viscous damper and inertia 
which resist the motor torque. Lastly, the differential is 
considered to be a perfect frictionless device 

All of these assumptions may seem a bit extreme but 
it has been found that they give results in servo design 
that are very close to the results that would be obtained 
if such conditions were not established. In addition, they 
simplify the design problem tremendously. Like all linear 
approximations, they hold for limited conditions and 
small displacements and are useful only so long as their 


limitations are kept in mind. They also form a g¢ 


start from which to add refinements which come closer 


to approaching a real physical system. 


Step Response of a Viscous-Damped Linear 
Servo. One of the ways for testing a servo and also 
describing its response is by means of a sudden change 
in input. If the change is abrupt enough, it represents a 
step on a plot of displacement vs time and is referred 
to as a step input. The output of a typical viscous 
damped linear servo plotted against time in the case of 


in applied step input is shown in Fig. 4. At time zero. 
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Displocement 


Time 


Fig. 6—Curves depict the effect of in- 
ertia on performance characteristics. 


a step input indicated by 6, is applied. The output starts 
at zero, rises to meet the input value, overshoots it and 
gradually subsides to the same value as the input. At all 
times, the difference between output and input, repre 
sented by @, minus 6, is the error e. 

Since the error is large at the beginning, the motor 
produces a large torque at that time. Because the speed 
of the output shaft is initially zero, viscous damping is 
negligible. Also, since the error is almost constant for 
a short time, the output displacement curve rises as a 
parabola, which is the form characteristic of an inertia 
As the speed 


of the output increases, this curve becomes concave 


being accelerated by a constant torque. 


downward because two effects decrease the torque avail 
able to accelerate the inertia. The first of these is the 
viscous-damping torque, which is proportional to velocity. 
The value of this torque is negligible in the beginning 
but becomes quite appreciable as speed is built up. The 
second effect is that as the error decreases, the output 
motor torque decreases. Hence, the net torque available 
to accelerate the load decreases. 

\t time a, the output crosses over the input. From 
this moment on, the error is reversed in sign so that 
the motor torque tends to decelerate the load. At point 
c, the output is momentarily stationary. The displace 
ment atc expressed as a fraction of 6, is called the 
overshoot. Subsequent reversals of error cause reversals 
in motor torque and gradually the output comes to rest 
at the same value as the input. 

Because the system is linear, if the input step amplitude 
were increased or decreased, the proportional change 
in initial error would cause a proportional change in 
motor torque, etc., so that the time to crossover (O-a) 
in seconds and the overshoot in per cent would remain 
un hanged. 

There are many factor that bring about the shape of 


the step response shown in Fig. 4. One of the significant 


effects in the amount of viscous friction or damping and 
this is analyzed in Fig. 5. The servo described by Fig. 4 
was under-damped, meaning that the amount of damping 


is less than that required to prevent overshoot. The 


curves of Fig. 5 show the results of three types of 


damping: under-damping, critical damping and over 
damping. Note that there is no radical difference in the 
general shape of the curves for critical damping and over 
damping. Unless both cases were shown, it would be 


impossible to tell which was illustrated. Critical damping 
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8g with increased omplitier gain 
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Fig. 7—Effect of change in amplifier 
gain on overshoot and acceleration, 


is actually a boundary condition between over-damping 
and under-damping 

Most servos are under-damped because in the under 
damped servo the time for the output to reach a final 
value within some small percentage of the input is less 
than for either the critically damped or over damped case 
Only when the oscillations of the under-damped case 
would be detrimental to the equipment with which the 
servo must operate is a critically damped or over-damped 
servo used. As evident in Fig. 5, the initial acceleration 
curve is the same for all three types, for damping does 
not affect the initial acceleration. However, in the case 
of the critically damped and over-damped types, the 
output velocities reached for the same size of input step 
are lower than in the under-damped case. This is so 
because increased damping causes an increased back 
torque proportional to velocity that slows down the 
system 

lig. 6 demonstrates the effect of adding inertia to the 
system. The inertia slows down the system and decreases 
the damping as indicated by the increased overshoot 
Thus, damping is not affected simply by the size of the 
viscous damper but also by the size of the inertia and 
as will be shown, by the amplifier gain. 


Fig. 7 shows the effect of changing the gain of the 


Fig. &—Graphe of clectrie motor speed vs torque 
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Fig. 9 Typical frequency-response curves 
for a viseous-damped linear servo 


Fig. 10--Ramp response of linear servo 


in which output is plotted against time. 


A 
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Fig. 11—Block diagrams of closed- and 
open-loop circuits used for servo testing 


servo amplifier. The increased gain causes greater over 
shoot, increased acceleration in the initial part of the 
step response and again makes the servo more under 
damped. 

Damping is not necessarily in the form of an external 
viscous damper. There is present in an electric servo 
motor an effect directly analogous to viscous damping 
and which, in fact, is called damping. This effect is due 
to the back emf of the motor. In Fig. 8 are given the 
characteristic speed-torque curves of an electric motor 
At zero speed, the torque output is proportional to the 
input voltage to the motor. Thus, if the motor were 
driven by a servo amplifier, the output torque would be 
proportional to the input voltage. This is an assumption 
we have made so far. At any given speed, however, the 
torque available to accelerate the load differs from the 
torque at zero speed by some amount indicated by the 
line cb and called damping effect. This damping effect 
essentially is a reduction in torque whose magnitude is 
proportional to speed. 

The damping effect is in the negative direction of 
torque for positive speed and the positive direction of 
torque for negative speed. Thus, it acts exactly the same 
as a viscous damper. As a result, the simplest servo 
using an electric motor contains in it some viscous damp- 


ing. Since a servo having an electric motor also is subject 


to the inertia of armature and shaft, the viscous damped 


linear system being discussed is actually an extremely 
common occurrence in seryvomec hanisms. Damping can 
also be provided by electrical networks and this will be 
discussed later. 

Frequency Response of a _ Viscous-Damped 
Linear Servo. Although the step response gives a 
good picture of the performance of a servo, the frequency 
response is more popularly used as a criterion. Fig. 9 
shows a typical frequency response for a viscous-damped 
linear servo. Plotted against frequency is the output 
unplitude divided by the input amplitude for a series of 
cases where the input amplitude is a steady sinusoidal 
variation at constant frequency. In other words, the curve 
marked abe is the result of a series of tests. In each test 
a sinusoidal oscillation was applied at the 4, shaft of 
the servo. The resultant output magnitude of oscillation 
at the 6, shaft was measured and their ratio plotted. 
Notice that at a very low frequency the output follows 
the input exactly so that the gain of the servo in this case 
is unity. (Gain is the ratio of output over input) 

At b the gain of the servo is greater than 1. This indi 


Fig. 12—Effect of limit- 
ing on servo performance. 
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cates that there 1s a quasi-resonance present within the 
servo. This resonance occurs when the frequency of the 
input is approximately the same as the frequency of the 
oscillations of the output of the servo when a step input 
is applied to it. Curve ade shows the effect of a reduction 
in damping on the frequency response. Notice that the 
resonant peak has increased in amplitude and moved to 
a slightly lower frequency. The result of increased damp 
ing is shown in case aec. Notice that this frequency re 
sponse curve has no peak at all. Unfortunately, it is not 
possible to tell by cursory inspection whether aec repre 
sents an under-damped or over-damped case, for only in 
the appreciably under-damped cases is there a resonant 
rise such as at b and d. 

At high frequencies, the servo output is slowed down 
by the inertia of the system. The inertia resists rapid 
reversals in velocity so that the high frequency response 
drops as the reciprocal of the square of frequency. 

Cireled in Fig. 9 is the phase plot, a graph of the differ 
ence in phase between input and output oscillations as 
a function of frequency. The phase plot and gain curve 
are both important to the servo designer and the term 
“Trequency response” includes both. For many applica 
tions, the gain curve provides sufficient information by 
itself. For a linear servo. the shape of the transient (step) 
response, the shape of the gain curve part of the frequency 
response, and the shape of the phase plot of the fre 
quency response, are all related. Thus, if one is known 
the others can be derived. The derivation of one from 
the other is usually too involved to be practical, however. 

Error Constants. One of the ways of describing a 
servo is by means of error constants. The error constants 


are usually indicated as A,, AK, and K, 


/ 


for position-, 
velocity- and acceleration-error constants. respectively. 
They are an indication of how readily the servo can 
follow sustained changes in position, velocity and a 
celeration. 

The position-error constant is the ratio of the size 
of an applied step input to the final (infinite-time) error 
resulting from that step input. If the position-error con 
stant is infinite it means that the error will be zero for 
the case of a constant position input The linear viscous 
damped servo described would have an infinite position 
error constant 


The velocity-error constant is the ratio of the applied 


speed to the error when the servo is excited by a « onstant 
velocity input In the case of the viscous damped linear 


servo, if the Input is running at a constant speed the 


big. 13--Block diagram of servo in 


whic h presence of backlash is noted 


A Note 
About the Author... 


Being both a servo designer and a teacher, Ira 
Ritow is ideally qualified to author the Servo Series 
He is presently in charge of the Electrodynami: 
Analysis Group of Republic Aviation Corporation 
Prior to this connection, he was supervisor of a radar 
development project for the Sperry Gyroscope Com 
pany. Mr. Ritow's extensive experience in automatic 
control and instrumentation, systems analysis and 
electronic design has led also to his current ap 
pointment to the faculty of the Graduate Mathe 
matics Department of Adelphi College, Garden 
City, Long Island, N.Y 


output would end up running al the same speed but lag- 
ving behind it as shown in Fig. LO. This lag is the 
recipros al of the velocity-error constant if the input ts 
at a rate of unity (1 radian per sec). Because inertia 
produces no back torque at constant speeds, the resultant 
velocity-error constant is affected only by servo-amplifier 
vain and viscous damping. The plot of output vs time in 
Fig. 10 is called the ramp response of the servo and the 
input displacement vs time plot is known as a ramp. 

Ihe acceleration-error constant is a measure of the 
error in the system when the Inputis running at a ¢ onstant 
acceleration. To determine this directly from test, it would 
be necessary to apply an input that is parabolic with 
respect to time The acceleration divided by the error 
would give the acceleration-error constant. This caleula 
tion would have to be made after subtracting the in 
stantaneous errors due to the position- and velocity-error 
constants of the system 

There are an infinite number of error coeflecients and 
they are named after succeedingly higher derivatives. In 
most systems, spec ification of the position-error constant 
is unnecessary as it is infinite. Specification of the veloc 
ity-error and acceleration-error constants will describe the 


system adequately 


Fig. 14—Effect of backlash on the 


performance of a servo-mechanism 
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Fig. 15-—-Block diagram of an on-off 
servo using relay in place of amplifier. 


Testing Servos. Servomechanisms can be tested by 
ipplying either a step input or sinusoidal inputs In the 
case of sinusoidal inputs (used more often), there are two 
appro hes. The first and more direct method is to apply 
a sinusoidally varying input at the input of the servo 
and record the output. Then, output over input is plotted 
This setup is shown in Part (a) of Fig. 11 

Another scheme used to verify servo design methods 
is the open-loop test. This test consists of breaking the 
loop formed from the differential to the amplifier to the 
motor and back to the differential; applying a sinusoidal 
input to the 6, shaft, or the error shaft (they are the 
sume in the open loop case) and recording both magni 
tude and phase shift of the output-shaft oscillations. This 
information when plotted similarly to the plot of Fig. 9 
is called the open-loop frequency response. This set-up 
is shown in Fig. Lib. Dotted-in for reference is the broken 
part of the loop. Knowing the open-loop performances 
of a servo, the equipment designer can not only predict 
the closed loop pe rformance, but also can determine more 
directly what changes in design must be made to obtain 
the desired closed-loop characteristics 

The term “transfer function” is often used to describe 
the graph we have called “frequency response” and so 
the terms “closed-loop transfer function” and “open-loop 
transfer function” appear frequently. 

Pest devices that produce a sinusoidal variation of in 
put at any desired frequency, but at a constant amplitude 
for all frequencies, are called “sine-drives.” Usually they 
are powered by a group of elements consisting of a motor, 
a variable speed drive and a scotch yoke which mechani 
cally operate potentiometers, electric resolvers, linkages 
or hydraulic pumps, ete. depending on the form of input 
signal desired 

Po provide an easy method of comparing phase shift 
and amplitude ratios for the plotting of the transfer 
function it is common practice to record the voltages 
on the arms of two electrically excited potentiometers 
One potentiometer is mechanically linked to the sine 
drive and the other is mechanically linked to the servo 
output shaft. The recorder plots potentiometer voltages 
against time and direct measurement of the record pro 
vides data for the transfer-function diagrams. 

Effects of Non-Linearities. A real servo is not a 
perfectly linear device. Of the two non-linearities that com 
monly occur and deserve sper ial mention, the first is 
limiting. Limiting means that the torque output of the 
motor is proportional to the error in the system up to a 
certain value of torque and beyond that the torque re 


mains constant despite increases in the error signal. This 
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Fig. 16—Sketch shows addition of viscous 
damping and inertia to on-off servo element. 
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. 17-—-Curves show step 


response of an on-off servo. 
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Fig. 18—On-off servo with coulomb 
tion and backlash added to other elements. 
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19--Effect of backlash on 


the performance of a servo. 
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Effect of coulomb friction 
action of an on-off servo. 
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effect can be accounted for either by saturation of the 
amplifier (inability to pass a signal larger than a given 
magnitude) or by refusal of the motor to put out more 
torque than a limit value regardless of increased voltage 
applied to it. 

Both are common causes, although in a well designed 
servo the limiting takes place in the motor. The effect 
of this limiting is depicted in Fig. 12, which shows dis 
Notice that the effect 


of limiting motor torque is to limit the velocity that can 


placement vs time for a step input. 


be attained so that for a considerable stretch the limited- 
torque servo output maintains a constant velocity. This 
makes the servo appear more damped. 

If a small step input were applied so that the servo 
motor torque would not approach the limited value during 
the response to the step, the degre 
unchanged. 


e of damping would be 
As is true with all non-linearities, the shape 
of the limited-servo response, either to a step input or 
to a sinusoidal input, becomes a function of the magni- 
tude of the input signal. This is not the case in completely 
linear servos. 

No matter how much limiting 


still have 


is added the servo will 
overshoot in it, if it was an under-damped 
servo before limiting was added. In some cases however, 
this amount of overshoot may be so small that it is not 
measurable, especially when sliding or coulomb friction 
appears in the system, and there is always some coulomb 
friction in any servo. 

Another common non-linearity is backlash 
tween the 


either be 
motor and the load or between the motor 
shaft and the feedback into the differential. The block 
diagram of a system with backlash is given in Fig. 13 
backlash between 
as shown, is more common 
The effect 
of backlash is to cause a discrepancy between the output 
signal that appears at the differential (4',) and the actual 
outpul (6 


So far as servo design is concerned, 
the motor and differential. 


and more troublesome: hence, of more interest 


). Backlash is almost inevitable in systems with 
earing unless some elaborate precautions are taken, such 

as the adoption of anti-backlash gears (which bring with 
them their own evils, including increased friction). 

The effect of backlash is shown in Fig. 14. The system 
step response without backlash is shown in solid lines 
The addition of backlash has no appreciable effect on the 
initial acceleration of the system. 


but the output over 
shoots the 


input more than before. Although the error 
is zero at the moment of crossover. the error does not 
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Fig. 21—On-off servo with antici- 
pation added as a form of damping. 


FEBRUARY 


backlash unit, if 


Therefore, this system 


appear as zero at the output of the 
there is backlash in the system. 
continues to receive acceleration torque when it should 
receive deceleration torque and all overshoots are larger. 
Ihe time needed to settle down is longer and because 
of the backlash the output may not settle down to the 
same value as the input. It will not differ from it by more 
than the backlash. 


amount of difference is possible, the dotted curve mm big. 


amount of the However, since this 
14 does not finally come to the input value 

On-Off Servo. Some servos contain relays instead of 
amplifiers. When the error signal is larger than a very 
small value, the relay turns the motor on in such a dire 
tion as to locate the output shaft until the error is again 
below the 


relay or contactor servos 


acceptable small value. Such servos are called 
Another name is on-off servo 
derived from the fact that the motor is either full-on o1 
off at all times 

Fig. 15 shows the block diagram of an on-off servo. 
Notice that it is still error sensing and that the relay 
must be capable of reversing the motor as well as activat 
ing it. On-off servos are less expensive and more rapid 
in response to step inputs than linear viscous-damped 
servos, but are usually more prone to small oscillations 
and always have finite position errors Their design is 
of particular interest as most servos act like on-off servos 
for large step inputs even though they may be viscous 
damped linear servos for small input signals. 

I ig. 16 shows the elements of the simple on-off servo of 
Fig. 15. The load is made up of viscous damper F and 
inertia J just as it was for the linear servo discussed 
previously, 

The response of the simple on-off servo to a step input 
In the first few moments after the 
step displacement of the the output shaft of the 
slowly so that the back torque due to 
livible 


a constant torque so the output 


is shown in Fig. 14 


Input 
servo is turning 


the viscous damper is neg In this period, the load 
inertia is accelerated by 


displacement increases parabolically (as the square of 


time} The 


viscous damper hack torque mcreases with 


speed however, and for a short period before the time of 


crossover at point a the output shaft runs at a constant 


speed the motor torque being balanced by the viscous 
damper back torque This constant speed is the maximum 


possible speed of the servo output At about point a 
the motor torque reverses and the servo settles down until 


the output and input differ by less than the error neces 


Time 


Fig. 22—-Effect of  anticipa- 
tion on the stability of a servo. 





Fig. 23—Servo-driven Wheatstone bridge 
in which balancing is done automatically 


ary to trip the relay. The exact value of the final erro: 


is a matter of chance lhe region above and below the 


steady-state value of the input shaft position which forms 
the range of possible state output positions is called the 
“dead zone’, so named because it is a zone in which 
the motor is de-energized. The total dead zone width is 
twice the makin error be fore relay operation. 

If the size of the input step were larger than the case 
shown, the servo output shaft would take longer to reach 
the point of motor reversal at point a, but the shape 
of the curve to the right of pomtl a would be exactly 
the same. If the mpul step displacement were very small 
the output might look like the segment O—-« 
by all to the right of point b, et 


followed 
Notice again that in 
the case of a non-linearity, the response shape is a fune 
tion of the size of the input 

iy. 18 shows the block diagram of an on-off servo 
with two additional non-linear effects added, coulomb 
friction ¢ and blacklash b. Coulomb friction is a friction 
torque whose magnitude is constant and whose direction 
always opposes the shaft velocity. It is a combination 
of sliding friction and static friction with the assumption 
that both are the same value 

Backlash is the angular play (slop) mo a vear train 


The response of an on-off servo with backlash added 
(but having no coulomb friction for the moment) is 


shown in Fig. 19. The presence of backlash causes the 


output shaft to overshoot its final value by the amount of 
the bac klash before the erro} signal reverses sign and 
is a result the amplitude and period of successive over 


because of backlash. With enough 


backlash present the servo would oscillate indefinitely 


shoots are larger 


aor 


Fig. 24 
tion forms a basic computing device. 


Velocity servo for integra- 


The effect of coulomb friction on an on-off servo is 
shown in Fig. 20. As the coulomb friction opposes the 
motor torque during the initial acceleration, the maxi- 
mum output velocity is reduced, as are successive over- 
shoots. The addition of coulomb friction leads to a more 
sluggish servo. 

In the case of on-off servos. there is often used an in 
teresting type of damping. The circuit is shown in Fig. 
21. The addition of the tachometer causes the error 
signal to be increased or decreased by an amount pro- 
portional to the output-shaft velocity. The same use of 
a tachometer in a viscous-damped linear servo would 
cause a change in damping. In the on-off servo, the 
tachometer is said to cause anticipation. The effect of 
the tachometer on the response to a large step is shown 
in Fig. 22. At point a, the sum of the tachometer signal 
and the normal error signal has a reversed sign, causing 
the relay to reverse the motor torque in anticipation of 
the actual crossover. This results in an output displace 
ment curve which resembles the over-damped linear-servo 
case. For small input steps, the improvement would be 
similar. The on-off servo with anticipation is almost a 
perfect servo because it uses the motor at full torque and 
settles down to rest in a minimum time after an error is 
detected, 

The effects of inertia and viscous damping in on-off 
servos are the same as they are in linear servos so far as 
aflec ting overshoot, speed of response, etc. The effects of 
hacklash deseribed for the on-off servo are also similar 
in the case of the linear servo 


Use of Servos in Computers. Servos are used as 
the basis of many computing circuits and two are de- 
scribed as examples. Fig. 23 shows a servo-driven Wheat- 
stone bridge. In a conventional Wheatstone bridge. a 
valvanometer is used to sense bridge unbalance and the 
bridge is balanced manually. Here. however, an electrical 
differential (mixing network) senses the unbalance and 
provides an error signal to drive an amplifier, which in 
turn causes a servo motor to turn potentiometer shaft R, 
to bring the bridge to balance. The servo keeps the bridge 
in balance automatically. If R, is a rheostat whose re- 
sistance is proportional to its shaft angle 6, and R,, is a 
rheostat whose resistance is proportional to its shaft angle 
4. then if @ 
so that @ 


is turned, the servo will force 6, to turn 
is inversely proportional to 6,. Thus, this 
circuit will cause a shaft angle to be developed that is 
the reciprocal of another shaft angle. Furthermore the 
use of @, and 4, as mechanical inputs will cause 6, to 
equal (6, * 6,)/0,. In this case the servo mechanizes 
multiplication and division of variables, both basic com 
puter functions. 

Another example of the use of a servo to perform a 
computation is seen in Fig. 24. This is a servo which 
integrates and is often called a velocity servo. The feed- 
back in this case is not the output-shaft position, but 
a voltage proportional to the output-shaft velocity. There 
fore, the action of the amplifier and motor in causing 
the error signal to stay close to zero results in making 
the output velocity equal at all times the input displace 
ment. Therefore, the input voltage equals the output shaft 
velocity or time derivative. Consequently, the output shaft 
displacement is the integral (with respect to time) of the 
input voltage. A mechanical counter attached to the out- 
put shaft displays the value of the integral of the input 
over a wide range of values. 
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Inflatable Tubes Add Strength 
Metal Strip 


to One-Piece 


Fig. 1—Integral tubing of one-piece coil 
and strip material permits inflation be- 
fore or after fabrication. As shown, only 
the tubes in upper half of coil have been 


inflated. 


STRUCTURAL RIGIDITY combined with low 
inflatable 
tube strip material developed by Re 
vere Copper 

New York 17. 
Strip. the solid nonferrous mill product 
Fig 
applications in heat exchangers for re 


featured in a 


cost is new 
and Brass Incorporated, 
Designated as Tube-In 


1, offers a wide range of design 


frigeration and air conditioning units 
food and processing equipment, water 
heaters and coolers, radiant panel heat 
ers and housings for electronic equip 
ment 

The increased structural strength due 
to the integral tubing permits lighter 
gage metals to be used. with resulting 
Higher heat 


the 


savings in weight and cost 


conductivity is also obtained by 
path betwen web and tubes 


Coils and 


direct 
sheets of the material are 
not discernibly different from standard 
strip and roll products. Incorporated 


in the strip, however, are expandable 


channels which can be inflated by the 
user into lengths 


continuous running 


of tube in various sizes and spacings 


Channels are formed by 
able the ingot mold 
before casting. During rolling the rods 
are crushed to a fine powder, leaving 
which the 


inserting {ri 


resist rods into 


from tubes 


Thus 


channels are 


formed except for the expand 
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able 
solid and does not consist of two sepa 
rate 


portion, the metal tube-strip Is 
pieces 

Inflation is accomplished simply by 
sealing one end of the strip, inserting 
needle fittings the 
the tubes, and then applying pressure 
thicknesses 


pressure can be 


into other ends of 


For gage less than 


in. au used: over 


big. 2— Typical construction for exapora 


shelf 
by inflating strip in profile die. 


tor shell or Flat side is introduced 


? 


hig. , 


and aluminum; additional applications 


0.020 


Suggested manifold assembly. Currently, 


0.020 in., hydraulic pressure is 
should be jigged 
to prevent warping during inflation. For 
quicker inflation, a header can be used 
at the feed inflate all 
simultaneously 
Normal 

channel. A 


produced, however by 


neces 


sary Large sections 


end to tubes 


inflation 


produces a round 


variety of shapes can be 
containing the 
2. Inflation 
between flat sheets produces reetangu 


‘| ube 


condition, 


strip in profile dies, Fig 
lar or 
in the unex panded 
Irom m to Loin \ 


pacing of 6 in, ts 


long oval tubing widths 


range 
minimum tube 
recommended for 
least “s in 


and bras . 


is required 


copper strip; at 


for aluminum. The number 

of tubes obtainable depends on strip 

width and is the approximate sum of 
1. Uninflated tube width 

2. Spacing tubes 

3. A % in. 


if tubes run to outer edges 


between (web) 


allowance on each side 


Stamping, forming, bending and 
drawing operations can be performed 
before inflation; however, common pipe 
and tube bending techniques can. still 
be used after inflation. The material can 
be joined by normal production tech 


Manifolds, for 


parallel flow, are easily 


niques either 


series oF 
produced be 
fore or after inflation, and return bends 
brazed, 


readily, Fig. 3 


ean be soldered or welded 


available in 
steel 


strip is brass 


cropper 


foreseen for stainless 





Phase-Shift 
Grid Control of Thyratrons 


Here ws the second article in the “Practical 
Circuits for Grid Control of Thyratrons” 
This 


the phase shifted a-c signal as the control 


SCTLCS, disc “wssion 


concentrates on 


variable. 


IN THE FIRST ARTICLE of this series (ELectRicaL MANUPAE 


renING, January 1956, page 68), the authors discussed 36 
fundamental grid-control circuits for the thyratron in indus 
trial application The coverage included on-off control with 
both ac and d-e plate voltages plus a group of bridge-type 
grid cireuits with both linear and non-linear elements. The 
authors now continue their report on “Practical Circuits for 
Grid Control of Thyratrons” with a dese iption of control by 


i continuou ly adju table 


pliase hift of an alternating 
potential 
Phase 


of grid control of which the first two to be mentioned are 


hifting circuits are used primarily for three type: 


outstandingly popular in today’s equipments. They function 


as follow 
1 -To control the firing point of thyratrons by mean 
of an alternating grid potential of adjustable phase angle 
relative to the fixed phase of an alternating anode poten 
tial, This requires that the grid potential be continuously 
adjustable in phase but not necessarily adjustable in 
magnitude. This might be termed a straight phase-shift 

method 


; lo control the firing point of thyratrons by means 


of an adjustable direct potential component of grid volt 
age in series with a phase-shifted alternating potential 
component which has a fixed phase relative to the alter 
nating anode potential, This requires that the alternating 
potential component of grid voltage be phase shifted to a 
fixed position; it need not be continuously adjustable in 
pha e. This has been called the 


“a-c plus d-c” phase-shift 


method 

} To control the firing point of thyratrons by means of 
un adjustable magnitude alternating potential component 
of grid voltage, usually of the same phase as the alter 
nating anode potential, in series with a phase-shifted 
fixed-magnitude component of alternating potential. This 


requires that the pha e-shifted, fixed magnitude component 
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be phase shifted to a fixed position relative to the alter- 
nating potential component. It need not be continuously 
adjustable in phase nor in magnitude. This has been 
termed the “Two-Vector” method 


Means of Producing a Continuously 
Ajustable Phase Shift of Voltage 


T he poly phase, 


induction 
motor may be used as a phase-shifting device. A synchro 


positioned rotor, wound-rotor 
device is the generic name usually applied to a mechanism 
of this type. As such, it is a specially designed, wound-rotor 
type of induction machine (usually small) of very precise 
construction and characteristics, and with a rotor which is 
not always intended for continuous rotation. For purposes 
of phase-shift control of thyratrons, the rotor winding is most 
often used as the source of primary excitation and the stator 
winding as the source of grid excitation. This is done so 
that polyphase rectifier circuits, such as the wye-connected, 
three-tube, half-wave combination, may utilize the neutral 
connection of the wye-connected stator winding as the com 
mon grid-return of the grid-to-cathode circuits, This neutral 
connection can be brought out of the stationary stator wind- 
ing as a fourth terminal, whereas it would necessitate an 
extra slip-ring and brush if brought out of the rotor winding 

The voltage induced in each of the secondary windings 
is the vector sum of the voltages induced by each of the 
three phases of the primary windings which produce the ro 
tating magnetic fie ld These secondary voltages are ol a sine 
wave shape (if the excitation is sinusoidal) whose amplitude 
Is approximately the same value regardless of rotor posi 
tion, but whose phase angles relative to one or any of the 
excitation windings vary with the position of the retor rela 
tive to the stator 

The three-phase to three-phase windings synchros are usu 
ally called differential units. Other types of construction 
(17)* in which the stator is a distributed three-phase winding 
and the rotor is a single-phase salient pole type are known as 
transmitters (generators) or receivers (motors). These latter 
units are well suited to the control of half-wave or diametri 
cally-connected or bridge-connected rectifier circuits. (18) 

The number of poles for which the device is wound de- 
termines the number of mechanical degrees of shaft rotation 
which correspond to a given number of electrical degrees of 
voltage phase shift. For example, a two-pole construction 
will phase shift its rotor voltage 180 electrical deg when the 
shaft is rotated 180 mechanical deg; the four-pole units will 
phase shift 180 electrical deg for 90 mechanical deg; and 
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the eight-pole construction, 180 electri- 
cal deg for only 45 mechanical deg. 
Devices of this type have the very 
annoying tendency for the rotor to 
rotate of its own accord, due to eddy- 
currents causing induction motor action 
even though the impedance of the grid 
circuit is made so high as to demand 3 Phose 








a negligible grid current in the second- supply 





ary windings. Hence this tendency 
must be restrained by some sort of 
friction device or a non-reversible worm 
gear, etc. The sketches of Fig. 35 show 
how a two-pole synchro device might 
be connected to control the output of 
two diametrically connected thyratrons 
supplying a purely resistive load. 
Figure 36 shows the use of fou 
synchros to synchronize the speed of a 
d-c shunt motor with the speed of 
another motor. In this example (1/9), 
one differential synchro senses the 
difference, if any, between the speeds 
of the two machines in much the same 
manner that the drive shaft of an auto 
mobile differential-gear would be caused 
to rotate if the two rear wheels, rotat- 
ing in Opposite directions, were not 
turning at the same speed. The shaft 
rotation, or position if the two speeds 
are exactly alike, is transmitted to the 
shaft of another differential synchro 
which acts as the phase shifter for grid 
phase control of the thyratrons whose 
output determines the speed of the d-« 
motor. The geared coupling between 
the differential synchro and the phase 
shifter may be said to govern the degree 
of amplification in the feedback loop 
The clutch mechanism allows — the 
differential synchro to precess while 
the rotation of the phase-shift synchro 
is restrained by one of the rotor stops 
Figure 37 shows a workable scheme 
for exciting a phase-shift synchro when Fig. 35--Cireuits employing synchro control of grid phase shift. (A) Synchro 
only a single phase supply is available position 15 deg, firing almost fully retarded. (B)— Position 90 deg, firing advanced 
Another differential synchro, with its to peak of anode voltage. (C)—-Position 170 deg, firing almost full on. (D) Position 
secondary winding short-circuited is 270 deg, full on. (EB) 345 deg, full on. (F)-—-360 deg, not firing 
allowed to rotate as an induction motor 
and thereby become a phase changer 
with its stator excitation supplied to 


one of its three phases and a three-phase output obtained from and a single-arm bridge comprising two unlike impedance 
its three terminals to supply the poly-phase field of the phase elements in series. The phase-shiftable output voltage is 


shifter. (20). This diagram also shows how the single-phase taken from the mid-tap of the supply source and the jun 
output of the phase shifter can be coupled to the two tion of the unlike impedance. This is one of the most popular 
oppositely phased grids through the medium of a phase-revers forms of grid phase-shifting circuitry 
ing center-tapped resistor to provide the common cathode 
connection. The center-tapped resistor could be replaced by 
an autotransformer winding, or by an insulating transformer 
with mid-tapped secondary winding 
Polyphase Source and Voltage Divider. Figures 38 and 39 
show how the interconnections of a three-phase delta- or 
wye-connected source of alternating potentials could be used 
with a single-phase adjustable autotransformer to produce 
an output voltage which could be phase shifted through a 
range of 60 or 120 electrical deg. (2/]) Other arrangements 
should suggest themselves. For the most part, these arrange 


ments lend themselves to manually adjusted controls. Of 
18O 225 270 


chro position ,deg 


course, the adjusting devices could be motor-driven and 
positioned by an electrical signal from a remote point. 

Phase-Splitter Type Bridge Circuits. These are usually Fig. 35(G)-—Characteristic curve of firing angle us synchro 
characterized by a mid-tapped source of alternating potential rotor position 
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hig. 36° Schematic wiring diagram shows use of synchro devices in a synchronized 


motor speed control, Ge 


ar stops are used to allow rotation equivalent to the range 
from off to full-on phase control, Clutch is needed when speeds are not synchronous 


and rotor of differential must rotate, whereas the phase-shifter rotor is against it- 


the speed which second machine is to match. 
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hig. 37 Use of a phase changer to supply polyphase excitation for a phase-shifting 
synchro used for thyratron grid control. The capacitors shown (3:2 ratio) help balance 
the phase voltages and make the phase changer self-starting in one direction 


Three phase 
three wire 
a supply 


® 


¥ SCOOT 


(poercccsecs A cossnenaae | 
Fig. 38—Use of a polyphase source and an adjustable voltage 


divider to produce phase-shiftable voltage E.. Sketch (C) shows 


how two impedance elements can substitute for the adjustable 
autotransformer. 


The Inductive-Resistive Bridge. } igure 
10 shows this type of grid control ap 
plied to two thyratrons in a single-phase 
rectifier circuit supplying a 


load 


forms which may constitute an adjust 


diametric 
resistive It also shows the various 
able inductance for the one arm of the 
bridge or adjustable resistance for the 
other arm. Usually, only the inductive 
resistive element is made adjust 
able, although both could be adjusted 


simultaneously if the 


or the 


increase in the 
value of one corresponded to a decrease 
in the value of the other. One means 
of accomplishing this result, yet adjust 
ing only one of the elements, is to make 
the other element self-variable as a 
result of different magnitudes of current 
for example, when the in 


adjustable 


through it 
ductive element is the 


member and a tungsten filament lamp 


is used as the other element. (22) 
When a saturable reactor is used as 

the adjustable element, Fig. 41, the 

inclusion of a tungsten filament lamp 


increases the effectiveness, or amount 
of phase shift per unit change in saturat 
two fold 


when the resistive element is adjustable 


mg current about However 
it is not possible to use a self-saturating 
inductor as the other element because a 
change in resistance (say, a decrease) 
would increase the current through the 
bridge arms and this would cause a 
decrease in the value of the inductance 
thereby nullifying the amount of phase 


shift 


the original decrease in resistance 


which might have resulted from 


The use of a bridge rectifier with a 
single triode as the adjustable resistance 
element in such a phase shifting circuit 
has been mentioned in previously cited 
(18) 
a bridge rectifier with a single control 
should — find 


those other devices which may substitute 


articles, This idea of the use of 


element application for 


Fig. 39 (helow)——Polyphase source and 
a tapped-winding potentiometer used to 
phase-shiftable voltage E 


Circle diagrams are symbolic 


produc e a 


picturiza- 


tions of three amounts of phase shift 
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Lower Coil fluxes Reactor more saturated Plunger Resistance Grid-cathode volts Grid-cathode 
impedance opposing (Oc amp-turns increased) withdrawn increased more negative volfs more 
; ] negative 
iy 


More turns Fewer turns : Fewer turns cathode voltages 
tapped utilized tapped more negative 


Fig. 40 —Inductive-resistive bridge circuits for grid-phase control of thyratrons. (A) ~\,) increased or Ro decreased (or both, 
grid voltage lagging, firing retarded. (B) Possible types of adjustable elements \, and R (shown with \ R). (C)—X 
creased or R increased, grid voltage advanced, firing advanced. 


for the triode. These are the emission 
limited diode, the magnetically con- Jno. 


trolled diode, the manually controlled — thyratron tube No | No.2 thyratror 


diode, and even the phototube, as pic fires here fires here ; Wa 
tured in Figs. 15 to 18. El-2 ae of ; / 


Ihe use of a solenoid as the adjust 


able inductive element of a phase-shift- A) / -®y 


ing circuit for thyratron grid control 
was one of the very early and successful 
applications of electronic motor control 
to a wire reeling drive. (23) A typical 


reactor used for this purpose has the 
| . | : Grid 
impedance vs air-gap characteristics [Transformer 
shown in Fig. 42 and when used in a ‘1 J 
angoag 908 


pron THOOUTOTTON 


br idge 


/ Ac supply 
Fig. 41-—Saturable reactor —phase-shift ‘instantaneous polarity marks 
bridge. (A)—Thyratron output retarded, 


This change from neg to pos grid te 

. on . a " 2 > ; 2 > 4 vo > 
grid phase lagging, reactor very little ous Ne. 2 theretren te tire 

saturated. (B)—-Thyratron output in- Note Grid waves for No.2 thyratron 


creased, grid phase advanced, reactor more (A) 
saturated, Note 1—-at these points the re- 


actance passes from unsaturated to satu- increase 


rated conditions. Note 2-——phase of bridge f / \ P sen 


output voltage when reactance is at mini 

mum value. Note 3——phase of bridge out 

put voltage when reactance is at maxi- 

mum value (unsaturated equiv.) Note 

t—-very desirable rapid change from neg- 

ative to positive grid volts to fire thyra _ —4_ Saturable 
tron. Note 5—-minimum of negative grid Feoctor 
voltage at this point in the anode voltage 


wave 





Fig. 42. Curves of impedance vs airgap for 


used as the adjustable element 


lypu al reactor 


cireuit to control a single phase diametric rectifier has the 
overall characteristics shown in Fig. 43 


When a small induction voltage 
ingle pha ‘ 


regulator (actually 


wound-rotor motor about the size of a sewing 
machine motor with pig-tail leads instead of slip rings) was 


tried as a variometer for a source of adjustable inductance 


only a 4:1 change of inductance resulted. However, this may 


have been due to a mis-match of its characteristics with the 


other components of the bridge 


Reactance-tube 


circuitry is shown because at least two 


) 


authors (24) (25) have called attention to its possibilities 


pre umably at OO-cvele upply lrequencey 


The saturable reactor as an adjustable inductor has been 


widely used in electronic motor control applications where 


its characteristics produce a rid-voltage wave with very 


desirable feature The volt-ampere data for a typical satur 
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big. 44 


actor at various values of d-c saturating current 


Volt-milliamp (a-c) characteristics for a saturable re 


big. 43 (left) 


air gap. Carve A is for an inductive load. Curve B relates to 
motor armature; 


Curves of rectifier output voltage vs solenoid 


Curve C, to resistance load 


able reactor are shown in Fig. 44 and the wave-forms of 


output voltage it produces when used as the adjustable in 
ductance element of a resistance-inductance bridge are shown 
in Fig. 45. The sudden transition from a negative value of 
voltage much greater than is actually required to prevent 
firing of the thyratron to a positive value much greater 
than is required to produce firing is a control feature very 
much to be desired. (26) (18) This waveshape is produced 
by the fact that once each half-cycle at the saturation point 
of the iron, the inductance of the device changes abruptly, 
from an extremely high value to an almost negligible value 
Thus, the phase of the output voltage of the bridge changes 
suddenly from a position very much lagging, corresponding 
to a high value of linear inductance, to a position almost 
in-phase, corresponding to the low value of linear inductance 

Due to the fact that the extremes of inductive reactance 
are neither zero (it could be saturated only to the extent of 
leaving an air-core value of inductance) nor infinity (there 
is a finite, maximum value of inductance for which it was 
designed at zero d-c control excitation), the phase shift of 
the output voltage will never be the theoretical value of 
180 deg. Furthermore, it may be possible to phase shift 
more nearly to the full-on point than to the full-off point 
or vice versa 

In practice, a transformer is used to couple the output 
voltage of the bridge to the diametrically phased grid circuits 
of two thyratrons. The exciting impedance of the primary 
of this transformer, together with the resistance of the 
thyratron grid circuits as reflected into the primary, con 
stitutes a load on the bridge which will have the effect of 
decreasing the grid voltage and the phase shift below the 
theoretically obtainable values. Furthermore, the nature of 
the excitation impedance of this transformer becomes im 
portant because if it has sufficient core loss, equivalent to 
a resistance across the output terminals of the bridge, the 


magnitude of the output voltage in the extreme position of 


full phase lag will be materially less than the optimum 


value needed to keep the negative cusp of the output voltage 
wave sufficiently negative to prevent firing of the thyratrons 


in this critical region, where the firing hovers between full 


off and full-on 


These saturable reactor 


bridge circuits are inherently 


single-phase devices, although it is presumed that a three 
reactor and circuitry could be devised to shift the 


three phase voltages of 


pha ( 


a three-phase supply. A very in 
genious arrangement Using a@& minimum number ot single 
phase bridges (this lends itself to standardization, also) 
is that shown in Fig. 46. Here, a three-phase to two-phase 
Scott transformation is used with two single-phase bridges 
to phase shift the outputs of the two phases. After this, an 
other 


Scott transformation, two phase to three phase, is 


used to restore the original three-phase circuitry. In this 


figure, the d-« windings of the two saturable reactors are 
connected in series (so that the same value of current 
actuates each control winding) and the control current de 
rived from a triode vacuum tube circuit 

It has been found from experience that it is advisable to 
shunt each d-c control winding by a resistor, R, and R, in 
this instance, to produce a similar, consistent and non 
erratic output from each bridge. Furthermore, it has been 
noted that the use of a pentode vacuum tube instead of a 
triode tube is not always satisfactory 

Presumably, these two practical observations are linked 
with the fact that there is a 120-cycle (when the supply 
frequency is 60 cycles) alternating component of voltage in 


duced in each control winding and these components interact 
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Fig. 45 (right)—Voltage wave forms characteristic of a satur- 
able reactor-resistor phase-splitter bridge circuit used for phase 
control of thyratrons. (A)—Extreme positions of phase shift 


for linear reactors of minimum and maximum values of re- 


actance. (B)—Output voltage wave form, of a shape peculiar 
to saturable reactor bridges, as derived from phase positions 
of extreme values of linear reactanees. Saturable reactor con- 
trol current of a value to produce firing at 90 deg point of the 
supply voltage wave. (C)—Thyratrons’ output decreased, grid 
phase more retarded, reactor goes into its saturated state later 


in the half-eyeles. Note 1--At_ these 


switches from a 


instants the reactance 


saturated low-inductance value to an un- 
saturated high-inductance value. Note 2-—-At these instants, 
switches from an unsaturated high-inductance value to a satu- 
rated low-inductance value. The grid voltage of No. | thyratron 
switches from a negative to a positive value. Note 3 —“¢ usp” 
of the grid voltage wave shape. A minimum of negative grid 
voltage at this critical point. (Characteristies of the grid trans- 
former influence this value and its phase position). The voltage 
E\o 9 is 180 deg out of phase with the voltage Ex 9 and acts 
on thyratron 2 in the same manner as Exy9 on thyratron | but 


180 deg later in the cyele. 


with each other in polyphase circuits where their existence 
tends to overlap. This 120-cycle component looks like the 
raw output voltage of a diametric rectifier circuit and is 
IR drop of the ohmic 


of the control winding. Very probably, 


superimposed on the d- resistance 
sufficient shunting 
resistance, such as R,, would confine this 120-cycle com 
ponent to the local circuit of the reactor winding and mini 
mize the inter-coupling between the two windings 

Some observations have been made concerning the tran 


sient behavior of these saturable 


reactor bridges with respect 
to a sudden change in the magnitude of the a-« supply to 


the bridge. For example, if the supply voltage were changed 
suddenly from an initial value of 80 volts rms to a new 
phase shift of the 
grids was just as suddenly advanced. 


phase shift would be a 


value of 64.5 volts rms, the thyratron 


Coincident with this 
sudden decrease in current in the 
d-c control winding, which control current would gradually 
increase to its original value (since there was no permanent 
change in the voltage producing the d-c excitation). How 
ever, the phase position of the output voltage 
advanced 


would remain 


Just the converse would be true if the supply voltage to 
the bridge were suddenly changed from an initial value of 
64.5 volts to a new value of 80 volts. Specifically, the phase 


shift of the thyratron grids would just as suddenly be 


Three -phase 
supply 


Three- 
phase 

> four-wire 
}; wye 

| connection 
G3) 


hy. Con i | F 
2 so 
@ | 


Control me 
voltage - - 





Fig. 6 
a three-phase 


Scott transformation so that only two bridges produce 


phase-shiftable output 


Fig. 47 (right) Values of E us | needed to maintain J 


constant in a saturable reactor-resistance phase shift bridge 
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retarded. Coincident with this would be a sudden increase 


in the d-c control current which would then gradually de 
crease to its original value although the pha e position ol 
the output voltage would remain retarded. Thus, for the 
particular combination of elements used in this bridge cit 
cuit, when the control current is 


d-c value, the 


maintained as a constant 
phase-shift position of the output voltage i 
a function of the magnitude of the upply voltage to the 


bridge 
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yridd voltage advanced, firing advanced. (B 


or both simultaneously yrid voltage more lay 


bigure 4/0 indteate he magnitude of the d-« 


control current would have Lye changed to offset the 


change of phase shilt produced by a change in the 


upply 


oliage. In this instance the output of the thyratrons wa 


upplying the hunt fleld excitation of a eparately-excited 


de enerator whose peed wi ‘ entially constant. Only 


the supply voltage to the bridge was changed. The suppl 


oltave to the anodes of the thyratrons was essentially con 


fant rim iagernaticte LT hiese data rye lo wive anne 


idea of the over-all) characteristic of this type of phase 


hilt circuit an terms of thyratros 


output control winding 


current 


The Resistance-Capacitance Bridge 


Figure 48 


hows this type of grid control applied to two 


thyratrons in a single-phase diametrie rectifier circuit: sup 


plying a resistive load. Figure 48(A) hows the variou 


forms of adjustable capacitance in the one arm of the bridge 


Of particular interest, on OO0-cyecle would be the 


idjustalble 


eireu 


emi-resonant ere combination of Inductance 


ind fixed capacitance operated sufhciently off-resonance that 


the capacitive reactance wa dominant (A 


than the maximum value of \ This, by the 


alway vreatet 


wi I net 


i scheme whereby the decrease of inductance produce ' 


reverse from normal pattern of phase hift. As before i 


decrease in inductance has the effect of advancing the phase 


of the output voltage, because in this circuit a decrease in 


inductance has the effect of increasing the overall « ipacitive 


reactance which advances the phase of the output voltage 


The same elements which constitute an idjustable resist 


istive-capacitive bridge for grid phase control of thyratrons, (A) 
Vossible types of adjustable elements \¢ 


ving, firing retarded 


See 


thn thatch 


os 


wn ~ a } 
F's x 


< 0000000 ,*. 9000000 , 


R decreased or \_ increased (or both simultaneously) 


and KR. (4 R inereased or Xp decreased 


ince in the inductive-resistive bridge of Fig. 48(B) may be 
used in this resistive-capacitive bridge. The reactance-tube 

circuitry has been omitted as a substitute for adjustable 

although it could be used, and the example 

cited by the one author is said to be that type of circuitry 
4) 


Karly articles (27) which dealt with the grid control ot 
thyratron 


ipacitance 


showed the resistive-capacitive bridge with a 
ingle vacuum tube as the adjustable resistance arm of a 
bridge. This is in contrast to the circuits of Fig. 48. which 
imply that two tubes are necessary to preserve the a-« 
characteristics of the conduction in both 

Actually, in those 
circuits employing only one tube, such as that in Fig. 49(A) 


the grid-to-cathode path of the thyratron itself serves as the 


bridge, namely 


directions in each arm of the bridge 


element which conducts current in the opposite direction 


ind preserves the a-c nature of the cireuit. For example, 


in this cireuit, if it were not for grid-cathode conduction 
the capacitance would be charged to the peak value of the 
potential 3-1 and there would be no longer any 
of phase shifting effect 


semblance 


The grid-to-cathode path serves to discharge the capaci 


tance on the half-eyele in which the phototube does not 


conduct to charge the capacitance. This serves to emphasize 


the fact that the resistance in the grid circuit of the thyra 


tron should be of the same order of magnitude as the 


internal resistance of the phototube. Otherwise, the capa 
citanee would be so thoroughly discharged each half-eyel 
that the phototube would not be able to recharge it during 


the interval of the next half-ceyele. Thus, a sereen-grid thyra 


tron, which will allow megohms of grid resistance, should be 
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used in conjunction with the high resistances ot phototubes 
in circuits like this. 

The circuit of Fig. 49(B) shows this same phenomenon but 
indicates how the path through the grid transformer serves 
to equalize the charge on the capacitance and preserves the 
a-c characteristics of the circuit. This is basically the same 


circuit as cited in a previous reference. (13) 


L-R and R-C Bridges and Components 


In the L-R bridge, a decrease in the value of L, or an 
increase in the value of R, has the effect of advancing the 


phase of the output voltage relative to the supply voltage 
of the bridge. 


In the R-C bridge, a decrease in the value of X, (which 
is an increase in the value of C), or an increase in the value 
of R has the effect of retarding the phase of the output 
voltage relative to the supply voltage of the bridge. Thus. 


the behavior with regard to a change in R is different in 


the one combination of elements relative to the other. 


Under transient conditions, it could be expected that a 


sudden increase in the value of the supply voltage to the 


bridge would result in a momentary phase retard of th 


output voltage of either the L-R or the R-C bridges. The 
reason for is that in the case of the L-R combination th 
current through the inductance could not change suddenly 
so that the voltage across the inductor would have to change 


At the same time, the voltage across the resistor would 
and in the case of the R-C com 
bination the voltage across the capacitance could not change 


suddenly so the voltage across 


remain relatively constant 


the resistor would have to 


increase However, after the 


transient had time to die out f 
(a function of the time con- ncrease light 
on phototube 


stant of the cireuit), the phase 
to increase 


position of the output voltage 


output 


would be restored to its origi- (y Y) 
A 


nal position, assuming that 


the elements have a 


} 
| tr yratron 
| 
| 


characteristics 


reactor because the 


bridge 
saturable reactor exhibited an 
inductance characteristic which 
was non-linear with respect 
to the voltage impressed across 
its terminals 


When ar 


sistance is used in one arm of 


adjustable re 


either bridge it is usually a 
potentiometer connected as a | 

rheostat. The slider can then oe Thyrotror 
swing from the full-resistance — | 
value to approximately zero 
resistance value. Assuming the 
potentiometer 1s 


the slider 


wire-wound 
could conceivably 
he brought to rest on the last 
turn of wire adjacent to the 
contact at the zero-resistance 
end of the winding. In this 
position its resistance 18 al- 9000000 
most negligible and the cur- 
rent through that last turn of 
wire is determined by the im 
pedance of the other arm of 
the bridge and the full volt 
age applied to the bridge 


Fig. 49—Use of tubes as 


(B)—Single vacuum tube controls phase shift 


control elements 


This matter should not be overlooked when selecting a 


potentiometer for this type ot application Usually, only 
the ohms-value of the full winding and the watt-rating of 
a potentiometer are specified. It then becomes necessary 


to. determine the continuously rated current) which the 


winding is designed to conduct from the relationship: 


This value of current must be at least equal to, and pref 
erably in excess of, the greatest value of current: which 
could exist in’ the 
! EB sussly X; 


When a linear 


fixed ohmic-value say 


arms of the bridge when R O and 


potentiometer is available which has a 
10.000-ohms, and is adjustable to 
zero-ohms when connected as a rheostat, the mean value of 
reactance to use with it as the other arm of the bridge to 
vive a range of phase shift of output voltage which is about 
equally centered between the extremes of phase shift avail 


able may be determined from the relationship 


| K 
Obviously, to be practical, the value of Kj, Cannot be 
zero. A value of 1 i uggested unless a fixed resistor is 
purposely placed ith erie 


with the rheostat, as is done with 


resistance welding controls to limit the idvance to 


phase 
thre predetermined power factor angle of the welder. 


Cascaded Bridges. Inevitably, it hould — be 
that the bridge hie i ed te 


proposed 


output of one upply another 


4 


This was not ' 
the case for the saturable ; Sects a Bis 7 
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Reverse d for ‘ A) 


(Bh) \ 


bridge circuit grid phase control 


equal to R. (CG) \ 


ine reased or 


116 


X 


R de« reased 


independent. If the could be 


produced by one bridge is 180 deg, then two bridges would 
three bridges 540 deg, 


maxsmum phase shift which 


produce 360 deg 


The 
in appreciable load on the other, so that the size and kva 


elk 

objection to this scheme is that one bridge becomes 
rating of the components of the first bridge, which supplies 
Also, the nature 
a bridge is an important factor 
shift 


an R-C bridge to supply an L-R bridge, or vice versa, 


the other two, may be prohibitively large 


of the load impedance on 


in determining the amount of phase available, so that 
to use 


0 
(26) 


ady I sable 
Reversed Bridge. 


might be 

The In 
ired to reverse the normal pattern of phase shift resulting 
the the 
the output of the bridge may be used to supply the 


those « where it is de 


from elements of 


a change in the value of one of 
bridge 
anode circuits of the thyratrons and the supply voltage of 
the bridge to be used to supply the grids of these thyratrons 
Such 51. Here, it 


an 


a circuit is shown in Fig 


of 


is desired that 
inductance, say increase in the value of 
shall the effect of the output 


voltage of the thyratrons instead of the usual effect whereby 


a change 


inductance have 


Increasing 


an increase in the value of inductance decreases the output 
of the 


The this 
the output of the bridge supplic s the anode circuits of the 
that the kva ot 


the bridge becomes large if the output 


thyratrons 


objection to the use of 


arrangement, whereby 


thyratrons in rating 
from the thyratrons is very appreciable 
As a the output 
rent bridge should 
5 of the current 
The 
originally devised used 
the 


rule of thumb 
from. the 
lO to | 

the 


this was 


eul 


only he 


from | in the 


irms of bridge circuits for 


which 
the 
purposes and in 
kept the the 
within reason, (28) 
Bridge 
Capacitance. 


eS 


for « ontrol 


that 


output of bridge 


only manne! 


size of bridge elements 


Circuits with Inductance and 
In the 


or more phase 


quest for greater 


Sensitivity shift per unit 
in the value of one of the arms 


ot the br idge 


change 
the circuit of Fig. 52 has 


) 


been devised. (25) Fundamentally, this 
3100 deg of 
phase shift provided all of the elements 
In this 
shift 
used 
to 


circuit) achieves ilmost 


suitably chosen 
the 
elements K 


are arrange 


ment usual phase circuit of 
and ©€, ts 


these 


with fixed 
dete rimine 
the 


suitable 


values of elements 


terminal of 
Then, by a 


relative 


point Ek which is one 
output voltage / 

choice of L and ¢ 
the base voltage between points / 
C, the 


ean he 


values to 
ind 
point F, 
point I 
of I 


both 


other output terminal 


‘ used to rotate about 


as a center as either the value 
is changed or the 


For a particular case 
E, = R es with / 
zero to 
the 


value of C or 
where h 
adjustable from 
infinity with zero winding resist 


ines maximum phase shift would 


he 


sO) de tan 


Lh hhh hhh 


to restrict 


those cases where it 


the 


is important 
amount of phase shift 
this 


i modification of circuit is 


the 


sug- 


gested. For example, in region of 
80 deg lagging phase shift of a 


the 


sine 
the 
load 


decreased or R wave shape output voltage of 


thyratrons supplying a resistive 
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would be zero. However, slightly more phase shift would 
cause the leading edge of the wave to phase the thyratrons 
full-on. In this region, the output would be either full-on 
or full-off with just a hair’s change of phase shift, so that 
i means of limiting the amount of phase shift to just about 
180 deg and no more should be very desirable. 
Bridge Circuits with Shifted Neutral Point. The (A). (8B), and 
(C) portions of Fig. 53 indicate that only a change of magni 
tude and a phase reversal results when the two elements of 
the bridge are of like impedances and one (for both) of these 
is varied. This confirms what was stated about the circuit : 
irrangements of Fig. 22 through 28. However, when one of : D 
the output-voltage terminals is phase-displaced with respect (B) 
to the supply voltage to the bridge, a change of one of two 
like impedances will produce a phase shift of the output Fig. 52--Inductive-capacitive bridge eireutt for grid phase con- 
voltage. This was shown in Figs. 38 and 39. In the remain trol of thyratrons. (A)—Basic circuit allowing a phase shift of 


R 1( almost 360 deg. (B)—Modified circuit limiting the angle of 
X an 


ing portions of Fig. 53, the junction of the elements 


phase shift, corresponding to maximum inductance, to less 


of a bridge are used as one of the output terminals. The than 180 deg. 


other output terminal is the junction of two like impedances 
connected across the supply to the bridge. In this example 
the like impedances are resistances or the equivalent of for the 
resistance. Portions (D), (FE), and (F) show the phase 
shift which results when the adjustable resistance R2, is 
made larger than, equal to, and smaller than the fixed 
resistance R] 


purpose of maintaining automatic regulation of the 
heat-content of each weld. (30) The rms value of the weld 
current was used to control the triode vacuum tubes which 
substituted for the adjustable resistance R2. In an elementary 
form, this is shown in Fig. 53(G). As used, normal welding 
conditions would be established in which the degree of heat 


would be preset by the heat-control adjustment of phase 


This system was used on resistance welding controls to 
supplement and override the heat-control phase shift means 


(Continued on page 326) 
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Fig. 53--Phase control by shift of the neutral-point using like 

impedances. (A)-—-R, less than Ro. (B)—R,—R. (C)—R, trol of resistance welder. Triode circuit replaces R (ii K 
greater than Rv». (D)—Roe greater than R,, firing retarded decreased to advance firing. (J)--K increased to retard firing 
(E)—R,-Re firing determined by R and C. (F)—R, greater (K)—Triodes off, firing retarded. (M)-—-Triode circuit replaces 
than Re. (G) Application in regulator for automatic heat con- Ry, triode off, firing advanced 





Synchronized Drives 
Simulate Shutter Action... . 


in Desk-Size Microfilm Machine 


bolded optical system makes possible a 
compact machine that provides for both 
microfilm recording and reading. Precise 
synchronization of document and camera 
drives eliminates need Jor conventional 


shutter and insures image clarity. 


STAFF REPORI 


ALTHOUGH ADDING TREMENDOUSLY to the efficiency of 
records-keeping operations in businesses of any magni- 
tude, the microfilming process has heretofore been ex- 
ploited mainly by larger organizations. Microfilming in 
volved the use of expensive, high-capacity equipment 
ind, so. was seldom economically attractive to small com- 
panies. To upset this pattern, the Bell & Howell Company 
has deve loped the Micro-Twin (Fig. 1). a low-cost micro 
filming machine for office use. The Miecro-Twin, which 
combines recording and reading in one « ompact, portable 
unit, is being manufactured by Bell & Howell and mar- 


keted by the Burroughs Corporation. 


While the Micro-Twin is a desk-sized unit. the design- 


Fig. | Desk-size microfilming unit 
designed for use by individual busi- 
ness offices, Machine can record as 
many as 28,000 checks on a 100-ft roll 
of film. Sereen for reading filmed ree- 
ords is at left 


big. 2. Checks being fed into. en- 
trance hopper of Micro-Twin. Con- 
trol panel above hopper includes 
document counter, knob for adjusting 
light intensity and a pilot lamp in- 
dicating whether one or both sides of 
document are being photographed 


Fig. 3 \utomatic doc ument-feeding 
attachment is shown in position in the 
entrance hopper. Note addition of 
double-document control wheel to 


standard panel 
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ers have succeeded in providing it with the versatility 
of a full-scale machine. The unit will record documents 
ranging in size from pieces smaller than bank checks 
to single sheets 11 in. wide and 3700 ft long. Both sides 
of a document can be photographed at once, if desired. 
At the standard size-reduction ratio of 37 to 1, a 100-ft 
roll of 16-mm film will carry the images of both sides 
of 14.000 checks or one side of 28,000 checks. 

The reading section of the unit includes an 8 x 11 in. 
screen on which the filmed images are projected. The 
Micro-Twin may also be used to reproduce facsimilies 
of any filmed document without requiring the facilities 
of a dark room. Sensitized paper is exposed under the 
reader hood. Then the paper is developed under ordinary 
office light conditions. 

\ close-up photograph of the wide-throat feed hopper 
at the right side of the machine is given in Fig. 2. The 
hopper accepts papers of intermixed sizes as fast as 
an experienced operator can supply them. Also available 
is an automatic 


feeder, Fig. 3, which peels individual 


pieces from bundles of documents and passes them 
through the input rollers. Feeding accuracy of this at 
tachment is 99.6 per cent o1 better. However, to prevent 
two pieces from moving into the machine simultaneously, 
a double-document detector is employed. This consists 
of a limit switch with an adjustable feeler. When set for 
records of uniform thickness. the detector will auto 


matically stop feeding of documents should two pieces 


be fed through together. Setting of the double-document 
detector to suit the thickness of the papers being handled 
Is made by means ol a knurled knob on the contro! panel 
as seen in Fig. 3 

Other elements on the control panel include a toggle 
switch for turning the unit on and off and a signal light 
for indicating whether the unit is set for 8-mm or 16-mm 
filming. The dial on the panel is intended for adjusting 
the light intensity in the recording section to match the 


Fig. 2 
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speed rating of the film and the color characteristics of 
the paper heing processed, 
Mechanics of Microfilming. 


microfilming process consists of moving the document 


Fundamentally, the 


to be recorded past a camera aperture at some constant 
speed. At the same time, the film within the camera 1s 
being moved at a reduced speed, which is a fixed fraction 
of that of the document. The synchronization of docu 
ment and film make it possible to dispense with the con 
ventional type of shutter system characteristic of motion 
picture cameras. Partially offsetting this benefit, how 
ever, is the need for a careful design that will assure the 
precise synchronization required for sharp, clear photo 
graphs. 

The first measure taken by Bell & Howell engineers to 
achieve this result is the use of a single motor to drive 
the transports for both film and document. The motor 
is | 20-hp split phase It was selected in preference lo a 
shaded-pole motor because it provides the appreciable 
starting torques needed for the extensive gear systems 
leading from the drive motor to the transports The choice 
of gear-type transmissions in lieu of belt) or frietion 
drives, wherein some amount of lippage is possible was 
also prompted by the need for synchronization. A’ sole 
noid-operated clutch is INCOPpOr ited between the drive 


rearing and the film transport. This clutch allows the 
motor to run continuously while the film = transport. is 
driven only when a document is in the machine This 
arrangement is, of course, essential for film conservation 

Phe document transport system ts shown in cross see 
tion in Fig. 4. The paper is introduced at the lop left 
and is moved down through the machine by four pairs 
of l-in. diam rubber rolls. One roll in each pair is geared 
to the drive motor while the second is a spring loaded 
free-wheeling pressure roll. As another measure in attain 
ing the document-film synchronization, the drive rolls 


are ground to accurate diameters after molding. A fifth 





driven roll below the others aids in stacking the micro 
filmed documents in the exit hopper at the bottom front 
of the machine 

Document scanning occurs between the second and 
Here, both sides of the 
paper are illuminated by two parallel banks of lamps 
At this location also are the apertures through which 


light is admitted to the microfilm camera. If only a single 


third pairs of transport rolls 


side of a document is to be photographed, one aperture 
is blanked off by means of a plate. When this plate is 
ii position, a switch ts tripped to light the pilot lamp 
on the control panel. Under this condition, just 8-mm of 
thre 16 rritrh wine rofilm Is being exposed ‘| he set ond half 
of the film can be used later by reversing the spools on 


the film transport 


Phere 


are eight lamps in each bank, rated at 27 candle 

power, 26 volts. The total of 16 lamps is further sub- 
divided into four groups of four each. Each group of 
four is connected jin series across the output terminals 
of an autotransformer. The latter delivers two distinct 
voltaves to the lamps, one being a standby potential of 
about GO or 70 volts. For photographing this voltage is 
increased to some adjustable value determined by the 
setting of the autotransformer. This setting is made on 
the film classification dial of the control panel and pro 
vides the proper lamp brilliance called for the particular 
type of film being used and the color and finish of the 
copy being photographed 

Ihe change-over from standby to full voltage is con 
trolled by a limit switeh that is tripped by the leading 
edge of a document as it passes through the rolls. The 
same switch also causes the camera clutch to be engaged 
and the shutter to be opened The trailing edge of the 
document resets the trip finvers of the switch for the 
next piece. Tf there is none following immediately, the 
camera ts stopped the shutter closed and the lamp volt 
ave reduced to standby 

Optical System. Iwo elements are involved in the 
reduction of full-size copy to a microfilm-size image 
The first is a precise 37 to | relationship between the 
speeds of the document rolls and the film spools. The 
sen" ond is “an equal reduc tion in size made possible by an 
extensive optical system. At this point, it may be pointed 
oul that another version of the Micro-Twin is available 
having these two parameters designed for a 24 to 1 
reduction. This produces a larger image requiring the 
full l6-mm width of the film 

Ingenious measures were adopted to achieve the high 
size reduction within the limited space of a desk-size 
machine. The optical system, sketched in Fig. 5 begins 
with a pair of mirrors located behind the two apertures 
previously deseribed. These mirrors are arranged in a 
V-configuration to scan both sides of the ¢ opy. Light from 
the V mirrors is reflected by the recorder mirror to the 
turret mirror, thence to the lens. Only with this “folded” 
optical system could the image reduction be made within 
a cabinet of convenient size 

A second feature of the opti al system is the use of a 
dual-purpose lens, serving as the camera lens for record 
ing and as a reader lens when the film is being viewed. The 
single lens is mounted in a turret with a small mirror. 
In the position shown in Fig. 5, the turret is arranged 
for recording. For reading, the turret is turned through 
180 deg by means of the control knob pictured in Fig. 6 


Then, the light path is from the projector lamp through 
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a right-angle mirror, the positive transparency, the lens, 
a second right-angle mirror to the reader mirror and the 
reader screen, 

The preparation of a facsimile is a simple operation 
on the Micro-Twin. When such is desired, the operator 
begins by centering the image on the reader screen, mak- 
ing sure it is focused properly. Next, a print mirror is 
lowered into position by means of a knob on the left 
side of the reader hood. Now the operator raises the 
An interlock switch cuts off all voltage to the 


reader and recorder, protecting the reader from shock. 


reader lid 


After a sheet of photocopy paper is placed within the 
easel flanges, the lid is lowered, illuminating the reader 
lamp. The paper is exposed for approximately 40 sec and 
the reader lid raised. The last steps involve removal of 
the copy paper and treatment with developer, fixer and 
wash. 

Interlocking. The Micro-Twin is furnished with a 
multiplicity of interlocking and monitoring devices to 
make operation as foolproof as possible. Indicative of 
this fact is the limit switch associated with the read- 
record knob, Fig. 6. This switch is actuated when the 
knob is shifted to the read position and de-energizes the 
banks of recording lamps and the film-transport clutch 
to safeguard against an attempt of the operator to micro- 
film while the lens turret is in the read position. 

Also visible in Fig. 6 is the film protection knob. This 
is brought into use at the start and finish of each roll 
of microfilm. The purpose is to provide a definite length 
of “dead” film at the beginning and end of a roll. This 
is similar to precautions taken with any camera to by- 
pass that portion of the film that has been fogged (ex- 
posed to light) during loading or unloading. The Micro- 
Twin is designed to cycle this fogged film automatically 
by use of the film-protection knob. 


In a typical operating procedure, the film-protection 
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Fig. + (left) 
ing of cross section of docu- 


Schematic draw 


ment transport system. For ae- 
curacy of movement, rubber 
drive rolls are ground to close 


tolerances 


hig. 5 (right) Optical system 


for reading and recording see- 


tions of machine. Single lens 


in a control turret is used inter- 
changeably for both operations. 


knob is turned counter clockwise to its stop after the film 
has been loaded and the line switch turned on. This knob 
trips a switch to cut off the recording lamps and to 
engage the clutch for the film transport. After the desired 
length of film has been cycled past the shutter, the film- 
protection knob is returned to its normal position. Then, 
the film transport stops and standby voltage is again 
restored to the recording lamps. Because the photographie 
lamps are out, any document fed into the machine during 
the cycling operation will not be photographed. 

Spacing between the filmed images of different groups 
of documents may be similarly accomplished by means 
of the film-protection knob. 

Film Metering. At the bottom of Fig. 6. the film 
footage indicator can be seen. This device informs the 
operator how much of the standard 100-ft roll has been 
used at any particular time. The sensing element of the 
roller that 
against the film spool. As the film is depleted, the roller 
moves the scale pointer through a linkage. When the 
last of the film is in use, the linkage system trips a limit 


indicator is a nylon bears 


spring-loaded 


switch to sound a buzzer warning the operator to reload. 
Before removing the exposed spool, the film protection 
knob is brought into play for the reasons explained above. 

\ second roller and linkage arrangement checks the 
tension in the strip of film passing between the two spools. 
Should the strip break or become slack, the spring-loaded 


roller drops, tripping a limit switch that energizes warn 
ing circuits. 


Iwo indexing meters are provided to aid in rapid 
document location. As many as 999 locations may be 
indexed for each 100-ft roll of film. The indexing meters 
consist of two. three-digit counters. One counter is 
associated with the camera film-transport system and the 
second is furnished for the projector (reader) drive 


Both are geared into the film transport systems by means 
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of the nylon worms seen in Fig. 7. The ratio is one 
revolution of the worm or one digit on the counter to 
each 0.2 ft of film. 

A third counter in the Micro-Twin is provided for the 
document transport system. This is a four-digit device 
that is electromagnetically tripped each time the leading 
edge of a record closes the document-actuator limit 
switch. Thus, in effect, this counter assigns a serial 
number to eat h doc ument being prot essed, The reason 
for electromagnetic actuation in place of geared drive 
is that this device is intended to count pieces rather than 
to record position or distance of travel as do the film 
meters. 

To maintain a complete record of the location of a 
particular document, the operator tabulates counter read 
ings. A typical three-column table could include a brief 
notation describing the document; a serial number from 
the document counter; and a number from the camera 
counter indicating the position of the record ( photograph ) 
of that document on the roll of film. When it is desired 
to read that record, the film is inserted into the projector 
side of the machine and the projector counter set to zero 
Then, the film is unreeled until the number on the pro 
yector counter ts the same as that noted on the camera 
counter during the recording process. 

Control Circuit. 


electrical control system is given in hig &. With the line 


A schematic wiring diagram of the 


cord connected to a 115-volt, 60-ceyele source, and the 
read-record selector switch in the position shown, only 
the cooling fan and the read projector lamp are energized 
The read film transport is driven by means of a hand 
crank at the left hand side of the machine and so is a 
comparatively simple arrangement, not requiring e% 
tensive interlocking for foolproof operation 

When the selector switch is thrown to the record post 


tion, voltage is impressed on the terminals of the drive 
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motor for the document transport, which then runs 
continuously. The lamp banks now carry standby current. 
lhe camera clutch is not excited so there is no film 
movement. If the camera is properly loaded and threaded, 
the supply and tension switches are open so that the 
buzzer is not sounded. These do not come into play unless 
the film supply is low or there is a break in the strip. If 
one aperture is blanked off indicating that only one side 
of the document is to be recorded, the flap limit switch 
is closed, completing the circuit to the 8-mm pilot lamp 
on the control panel 

When paper is fed into the transport rolls, the document 
actuator switch is tripped One pair of contacts close to 
pul d-c voltage from a bridge rectifier on the coil of the 
camera clutch, so that unreeling of the film begins. 
At the same time, relay CL is energized to close holding 
contacts CLA (CD) in the clutch circuit. Note that there 
is a time-delay RC circuit 
relay CLA. Thus, even 
alter th 


ac TOS.» 
document — has 
passed through releasing the 
document-actuated switch 
clutch is) not 


released The 


latter does not occur until 


the camera 
immediately 
the capacitor charge has 
leaked off, de-energizing the 
coil of CLA and opening the 
holding contacts CL2 (CD) 
The purpose of this time de 
lay is to allow the camera to 
run off a short length of film 
lo provide spacing between 
successive documents in the 
recording process 

\ second par of do u 
ment-actuated contacts in the 
lamp line close to switch the 
lamps from standby to full 
voltage for photographing 
In this cireuit also there is 
a pai of holding contacts 


CLA (HG) 


closed until the time delay 


whi h remain 
has been completed, This is 
also done for the spacing 
function mentioned above 

Because the amount of light is such a critical element 
in photography the designers have adopted an ingenious 
scheme for warning the operator when a lamp is defective 
If this condition were to go undetected, the microfilmed 
records would be underexposed or even totally dark. The 
lamp-failure system uses a means for comparing the 
voltage across one bank of lamps with that across the 
other. If there is a difference between these voltages 
(as would be caused by an open filament in one of the 
lamps), the armature of the balanced-coil relay L/7 will 
be shifted. Then contacts LFI (AC) close, exciting the 
coil of relay LF H3. Contacts CF and FE of this relay 
act to sound the warning buzzer and de-energize the drive 
motor 

Contacts DD are associated with the double-document 
The latter includes a nylon roller in contact with 
Movement of the roller is de 
pendent on the thickness of the paper passing under it 


detector 


a stainless steel surface 
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Fig. 6 View of film-protection and 
lens-turret knobs on front of Micro 
IT'win unit. Linear indicator at bottom 
shows amount of unused film remain- 


ing in camera. 


Fig. 7 View of interior of Micro- 
Twin unit taken with top cover re- 
moved, Control relays are on chassi- 


at left. Drive motor is in center 


hig. 6 Schematic wiring diagram of 


eer Micro-Twin unit. Note balanced-coil 
relay that is actuated should lamp 
failure upset voltage balance between 


two banks of lamp. 


Its allowable movement is adjusted to suit the thickness 
of the type of paper being processed. If movement exceeds 
this amount (signifying that two or more documents are 
attempting to move through simultaneously). contacts DD 


close. This action energizes solenoid DD that disengages 


a spring clutch between the drive motor and the transport 


rolls. Thus. the feed is stopped 

Appearance Design. Ihe industrial design phases 
of the Micro-Twin Development were handled by Pete: 
Muller-Munk Associates. At the time the Mirco-Twin 
idea was conceived, a solid foundation for project polic les 
and procedures had been established between the staffs 
of the industrial-design firm and the Bell & Howell En 
rineering & Sales Divisions. Design development of prior 
microfilm units had given the industrial design staff a 
extensive knowledge of the mechanical problems peculiar 
to microfilm equipment and an understanding of the spe 


cifie problems likely to be encountered during the develop 





ment of this combination unit. This background facili 
tated the work of both the industrial designer and the 
engineer, In fact, it permitted work on the project. to 
start directly from a line drawing of the image paths 

The preliminary specification meeting between Peter 
Muller-Munk Associates and Bell & Howell design staffs 
determined that the basic unit would be a combination 
recorder-reader using the same optics for both functions 
This unit would be offered in both a table and a floor 
model. A recorder-only model was to be introduced later 
in conjunction with a lower cost reader which was under 
development. (The former has since become available. | 


The basie optical layout, showing placement of mirrors 


and lenses and the photographic image paths, was sup 


plied by the engineering staff. This drawing established 


the minimum dimensions necessary for recording docu 
ments of film and also projecting them on the ground 
vlass of the reader. From these data the preliminary 
design trends were to be established. 

First, design sketches together with general arrange- 
ment layouts were developed lo establish possible design 
directions, trends and approaches. Studies of controls were 
made to determine the logical grouping for easy, eflicient 
operation. These preliminary sketches were discussed 
with Bell & Howell engineering and sales personnel to 
evaluate user acceptability and also manufacturability. 
As a result of these discussions. the final design direction 
was established and the work of developing the final 
design started. 

(As each section of the design was developed, mock-ups 
were made by the industrial design firm for testing. As 
soon as the design had developed far enough, full size 
models were constructed so that a proper evaluation of 
size and proportion could be made. Such problems as 
ease of mechanism accessability could be determined on 
this model as could the requirements for providing for 
extra work space. Concurrent with this design effort was 
the engineering development work of the Bell & Howell 


kngineering staff. Constant liaison between the two groups 
was maintained, with an occasional meeting with the sales 
personnel as the need arose 

At about this point in the development process, struc 
ture and materials became of prime importance One of 
the paramount problems was the selection of a material 
for the top of the unit which would afford the ultimate in 
appearance and still withstand severe usage. After con 
siderable research and testing, a laminate of plastic and 
plywood was recommended The hood of the readet also 
posed a special problem which was finally resolved by 
the use of a formed Royalite piece reinforced by a metal 
frame 

\ rather complicated area at the left front of the 
machine developed into the use of a single molding. This 
molding was so evolved that it combined a control panel 
with a clear window for the film footage counter as well 
as serving as a nameplate This attractive gold, red and 
white molding enhanced the quality look of the machine 
and at the same time reduced its cost. Stainless steel was 
selected for use on the recorder feeder and controls be 
cause of its resistance to wear and intrinsie quality ap 
pearance 

Color selection, the result of research on the basic 
colors of ofhee furniture and equipment, resulted in’ the 
recommendation of a two-tone gray color scheme. These 
colors gave a light look to the unit and would harmonize 
with other office equipment. During the design develop 
ment, consideration was given to the interchangeability 
between this unit and subsequent models, of all the hous 
ing parts, the nameplate’s finishes. materials and colors 
to maintain the lowest possible manufacturing costs for 
the « omplete line 
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Effect of Fluxes 
on Soldered Connections 


kvaluation of 20 samples establishes the superiority of water-white 


rosim flux for electrical and electronic wire joints. Chief 


advantages over activated and proprietary fluxes include a low melting 


point, possession of a controlled natural acid. and a flux residue 


that is nonconductive. noncorrosive and nonhygroscopic. 


The extensive use of soldering and its even 
greater abuse make it a subject of great 
importance. Abuses in soldering have ru- 
ined many sensitive electrical and elec- 
tronic devices, puzzled engineers because 
of the erratic performance of many of 
their pet projects, caused numerous head- 
aches in production, reduced operating 
efficiency, and caused large increases in 
both installation and maintenance costs. 
The sad part of this situation is that, in 
most cases, the cause of the trouble was 
never known or understood, while the 
trouble itself was wholly unnecessary and 
could have been removed simply. In this 
article the author clears up some of the 
basic misconceptions concerning the appli- 
cation of solders and their fluxes and shows 
how, with routine precautions, electrical'y 
and mechanically sound connections can 
be made. 


IN GENERAL, solders are alloys of tin and lead and, with 
the single exception of the eutectic alloy, do not have 
“melting points” as such. Solder has a “solidus point 
temperature” and a “liquidus point temperature.” The 
solidus point temperature is that temperature at which 
the metal changes from the solid state to a consistency 
neither solid nor liquid, known as the “pasty” state. 
The different physical states of the various tin-lead alloys 
as they change with temperature are shown in the equilib- 
rium diagram, Fig. 1. Only one. the eutectic alloy, has 
a melting point. This alloy, 62 per cent tin and 38 pet 
cent lead, changes directly from the solid to the liquid 
state at one temperature only, 361 f 

Many sources give the “liquidus” point temperatures 
as the “melting points.” This can be confusing. Actually, 
a 35 per cent tin solder changes from the solid to the 
pasty state at 361 F, and remains in the pasty state from 
361 to 477 F. At and above the latter temperature it 
remains in the completely liquid state. In cooling, the 
same alloy passes through these states in reverse order: 
at 477 F it changes to a pasty state until the solidus 
temperature of 361 F is reached. 

If dificulty is encountered with slow solder solidifiea- 
tion or with opened connections in overheated cabinets 
above 475 F, no advantage would be obtained in chang- 
ing from a 35 to a 20 per cent tin solder. Even though 
the liquidus temperature of a 20 per cent alloy is 531 F, 
the solidus temperature of both alloys is still 361 F and 
consequently the 20 per cent solder enters the pasty 
state at the same temperature as the 35 per cent soldet 
Even a 50 per cent tin alloy would bring no improvement 
since the solidus temperature of this alloy is also 361 | 
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Heating Requirements. Since more time is required 
to absorb or dissipate a larger quantity of heat from 
the high tin alloys, production times can be cut consider- 
ably by using the low tin alloys. The relationship between 
the quantity of heat required for the various alloys is 
shown in Fig. 2. The amount of heat required to raise the 
solder from normal room temperature (60 F) to the 
liquidus temperature is indicated by area (A). At the 
solidus temperature a quantity of latent heat of fusion 
must be added to the solder to change it from the solid 
to the pasty state. This latent heat of fusion is shown 
as area (B) and occurs with no change in temperature. 
The amount of heat to raise the solder 100 F above the 
liquidus temperature is indicated by area (C). The sum 
of the quantity of heat shown as (A), (B) and (C) 
is the total amount of heat required in Btu per lb to heat 
any tin-lead alloy from 60 F to an increment 100 F above 
its liquidus temperature. 

It should be noted that there is little relationship 
between the property of one solder alloy to the same 
property of another alloy. Thus a 20 per cent tin alloy 
solder requires a total of 39 Btu per lb to bring it 
100 F above the liquidus temperature while an 80 per 
cent tin alloy requires 56 Btu per lb to climb 100 F 
above its liquidus temperature. Contrary to expectations 
it will be noted that the 20 per cent tin alloy has a 
relatively high liquidus temperature (531 F), 
the 80 per cent tin alloy has a much lower liquidus 
temperature (399 F). Reference to Fig. 1, however 
shows that both alloys change from the solid to the 
paste state at the same solidus temperature, namely 361 F. 

All of the specific and latent heat of fusion is sup 
plied by the soldering iron in the heating cycle and 


is not generally noticeable, particularly in the soldering 


while 


of small connections. The critical point in soldering 
occurs in the cooling cycle. A uniform quantity of specific 
heat is dissipated with each degree change in temperature 
and the total quantity of the latent heat of fusion is 
dissipated at the solidus temperature with no change 
in temperature. Thus, cooling is actually retarded at the 


solidus point and a relatively large quantity of latent heat 


Table |—Comparative Conductivity 
of Tin-Lead Soldering Alloys 


Content, per cent Conductivity, per cent 


Lead of copper 


13.90 
13.20 
11.67 (eutectic) 
11.50 
10.10 
9.40 
8.70 
7.91 





is dissipated at a point where movement is critical to the 
connection, 

If the solder is moved during this phase of the cooling 
cycle it will have the appearance of a dull silver finish. 
Even though the temperature may have been high enough 
or even too high for good soldering this fault’ will be 
usually listed as due to either cold solder o1 inadequate 
flux. Actually the failure is due to the excessive tempera 
tures and excessive cooling times which mislead the 
operator into believing that the solder has cooled below 
the solidus temperature 

Cold soldered joints due to insufheient flux can be 
caused by too high, not too low, a soldering temperature 
loo high a temperature will cause volatization of the 
flux constituent of the rosin, giving the appearance of 
either insufficient flux, or no flux at all. This trouble 
is often blamed on flux voids in the cored solders 

Solder Conductivity. As shown in ‘Table |, the 
conductivity of solder is very much less than that. of 
copper lo provide the necessary conductivity, connes 
tions are usually made with a mechanical wrap, twist o1 
clamp The addition of solder VIVES } rrmanence and 


strength to the joint and connections. Connection should 


Table ll—General Classification 
of Fluxes Tested 


Sample 
No. Classification of Fluxes by Types 


1 Water-white rosin 
2-3 Rosin removed from commercial types of rosin 
core solders. Containing little or no plasticizer. 
45 Rosin removed from commercial types of rosin 
core solders but apparently containing « plasticizer 
(not an activator). 
Rosin removed from cored solders, both containing 
mild activators. 
Rosin-stearine flux removed from cored solder. 
Stearine flux removed from cored solder. 
Proprietary activated rosin removed from cored 
solder. 


Sample 
No. Classification of Fluxes by Types 


12-13-15 Paste and stick types of chloride emulsion fluxes 
(nationally advertised types). 

14 Proprietary flux claimed to be pure rosin but 
activated by «a chemical process. Removed from 
cored solder (foreign manufacture) 

Proprietary flux. 

Flux claimed to be as nanconductive and non- 
corrosive as rosin but as active as an acid flux 
Proprietary flux, claimed to be equal to rosin 
(foreign manufacture). 

Activated rosin flux 

Proprietary flux 
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Fig. |—Phase diagram for 
tin-lead alloys. Solidus 
temperature indicates 
point at which alloy 
changes from solid to 
“pasty” state; liquidus 
a | temperature indicates 
change from pasty to 
liquid state. Note that all 
alloys from 19 to 98 per 
cent tin (with the ex- 
ception of the eutectic) 
change to pasty state at 
the same temperature. 
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he designed so that heavy currents are not all directly 


conducted by the solder. Where no appreciable currents 
solder itself has the 
ductance to maintain the circuit 
Relative Conductance of Fluxes. Ii is dillicult to 
ive absolute values for the 


Relative 


are involved, the necessary con 


conductance of fluxes 


values however ure 


ol more practy al worth 


if some criterion, such as rosin a basis 


Is employed ius 
of comparison. The type classification of representative 
fluxes tested is shown in ‘Table Tl: the relative increase 
in conductance of these same fluxes as compared lo water 
white rosin is shown in Fig. 3. The increase in conduc 


tivity due to the wtivator 


addition of any plasticizer 
or other adulterant is strikingly evident 
Tests show that the 
to the 
solder 


Samples sold as pure 


practice of adding a plasticizer 
rosin to facilitate manufacture of the flux-cored 
conductance ol 


actually increases the 


rosin 
rosin or as containing only a 
\ plasti 


cizer should not be confused with activators intended 


jasticizer are shown as samples 2. 3. 4 and 5 
| | 


to aid on replace the 
Sample No 


a “rosin-flux 


fluxing constituent of the rosin 

represents a flux-cored solder sold as 
but which actually shows an increase in 
(Sample No. 1) 


of approximately 48 per cent This solder caused suflicient 


conductance over water-white rosin 
leakage at the connections to cause the complete mal 
functioning of special laboratory test apparatus. After 
disassembly the failure was localized at the soldered 
connections and traced to the flux residue. If an approxi 
mate value of 30 per cent ts selected as the maximum 


permissible conductance increase of rosin in’ sensitive 


circuits, it will be apparent that the so-called activated 
rosin fluxes (Nos. & LO. 11 and 14) are as dangerous 
to such circuits as the other chloride or proprietary fluxes 


tested 


Pest samples 12. 13 and 15 are nationally adver 
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tised chloride paste fluxes. These fluxes showed an in 
crease in conductance of 975 per cent over that of rosin 
and were responsible for the malfunctioning of photo 
electric cell circuits, Telefax recording circuits, tele 
printer and reperforator circuits and component parts 
of less sensitive circuits 

At a recent symposium on electrical connections, a 
large electronics manufacturer provided production sta 
10.000) soldered 
connections. In contrast, when using water-white rosin 
flux solder, the Western Electric 


a bovey of one loose or defective connection per 10.000 


tistics which indicated 763 defects per 


Company maintains 
connections in normal production and one in 20,000. in 
special operations. In addition, subsequent maintenance 
Is reduc ed bye ause of the none onduc ting and NONCOTTOSIVE 
properties of the flux residue. 

Relative Corrosiveness of Fluxes. lor some time 
rosin has been known as a wholly noncorrosive flux. 
This is definitely shown by the corrosion test results 
with water-white rosin and various substitute fluxes. 
summarized in Table IIL. It is also worth noting that 
there is a general relationship between the corrosiveness 
of some fluxes and their conductivities as shown in Fig. 

Water-white rosin (Sample No. 1) is relatively non 
conductive and reference to the table shows the same 
flux to be noncorrosive. Similarly, the other low num 
hbered rosin fluxes with low conductances are all shown 
to be relatively noncorrosive. The flux samples of Fig. 3 
that are relatively high in conductance are similarly 
shown in lable ill to be correspondingly corrosive, 
In short, activating rosin makes it both conductive and 
Corrosive, 

Advantages of Water-White Rosin Flux. When 
properly employed, a rosin flux produces quick, easy 
and effective soldered connections. The primary failure 
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Fig. 2 Heat required 
SI Meio P MR Mil Tsim celal 
tin-lead alloys from: (A 
60 F to the liquidus tem 
‘ perature (total specific 
heat); (B) from the solid 
MEL ME lst ih MLL MROlol le] 
latent heat of fusion) 
and (C) the liquidus tem 
perature to 100 F above 


liquidus 


in the use of rosin stems from a lack of understanding 
of its characteristics and its behavior under heat. Some 
of the country’s largest communications and electronics 
companies, including Western Union and the Bell System. 
still specify and use rosin as the one and only standard 
flux because no other fluxing agent developed equals 
it in low conductivity, absence of corrosion and general 
effectiveness. Rosin is available in 12 standard grades. 
the most satisfactory being water-white rosin. A review 
of rosin fluxes shows the following 
acteristics: 


fay orable ( har- 


1. It possesses a natural acid which is not active at 
normal room temperatures, but which begins to 
volatize at about 300 F. 

2. It can be applied at low temperatures and melts 
below the solder solidus temperature. 

3. The flux residue is nonconductive, noncorrosive and 

nonhygroscopic 

1. The residue is hard and smooth and, therefore 

does not hold or collect dust partic les. 

Technical literature on soldering tends to ignore the 
fact that rosin does contain an acid. The excuse that 
rosin lacks an acid makes it seem necessary to employ 
other and more active fluxes. Water-white rosin, how 
ever, possesses an acid with perfect fluxing properties 
which is inactive and apparently chemically inert at 
normal temperatures. For the flux constituent of rosin 
to become active, the temperature must be raised to free 
and volatize the acid constituent. This action begins as 
low as 300 F, while at 550 F the acid portion is almost 
completely volatized. Above this point rosin will have 
little. if any, fluxing action available for soldering, and 
if the temperature is sufficiently high a carbon deposit 
will form that will actually Solders 


supplied with multiple cores or a concentric ring of 


impede soldering 
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rosin provide a measure of protection against human 
error in that some portion of the flux, unaffected by 
accidentally applied excess heat, will be 
the soldering surface 

Errors of High Temperature Soldering. [he use of 


excessive temperatures has led to the erroneous con 


available at 


clusion that rosin is a poor flux and that substitutes 


such as activated rosin fluxes, chloride type fluxes or 


propietary fluxes are necessary to withstand higher 


temperatures, Substitution of chloride fluxes is usually 


made because this type begins to be active at the approx) 


mate temperature where the fluxing action of rosin is 
destroyed. Hence, high temperatures of application always 
appear to give a better fluxing action with the chlorides 
than with the rosin fluxes 

Another error leading to the misuse of rosin stems from 
World War Il and the introduction of the so-called 
“high melting point” war solders. This term, applied 
to the 21 per cent general purpose war solder, gave rise 
to the belief that higher soldering temperatures were 
required, Actually no tin-lead alloy, except one, has a 
melting point and the liquidus temperatures of the 21 
per cent alloy is only about 90 F higher than the normal 
prewal solder The excessive Lem pe ratures used im ad 
dition to destroying the fluxing properties of rosin, are 
likely to cause surface oxidation 

Any soldered connection must cool from the maximum 
temperature to at least the solidus temperature of 361 | 
before the connection can be moved. If a connection 
is heated to an unnecessarily high temperature, let us 
say to 760 F, the joint must cool 460 deg to about 300 
lk before it is safely intact. On the other hand, if the 
solder has “taken” at 500 KF. the cooling differential 
would be only 200 F. The smaller differential represents 


a considerable time and labor saving 





a flux residue that is not harmful, but actually beneficial 
to the connection. In addition, low temperature applica- 


. . seems caeeeiiiteattias lias . i = - tian . 3 oe . - 78 e > ‘ra. 
No gb comale weter-ahie rosie tion eliminates surface oxidation; localizes the tempera 
pty Ny ely rhe garden ra ture rise to the joint; lowers lug and crossbar tempera- 
Nos § Rosin with plasticizer (trom solder - 
Nos 7 « Rosin mild activators 

No 16 Proprietary lus 


Neos 8-9 « Rosin plus steorine ond steorine alone Metal Surfaces. Many metals can and should be 
Nos 10-11 -17-19 © Activated rosin 


Nos 12-13-15 = Chloride emulsion postes soldered only with rosin. Tin, hot-dipped, is one of the 
Nos 14-10 « Proprietary tus cloimed to be . 


pure 0%in but activated most desirable surfaces to solder, while electroplated tin 


tures: and minimizes insulation damage. 


is very undesirable, particularly when thinly plated. 

Solder hot-dipped is also a very desirable surface. 
Cadmium surfaces can be effectively soldered only 

when new and only when the plate is relatively heavy. 


Parts purchased as new are often received with dull 


2 surfaces, difficult to solder. This surface often corrodes 
%3 into a powdery substance and soldering can only be 
E effected by complete cleaning often down to the base 
, metal. 
~ Copper, brass or phosphor bronze are readily soldered, 
’ provided the surfaces are clean and bright. Beryllium 
, bronze can also be soldered if the heavily oxidized, heat 

treated surface is scraped clean, immediately before 
soldering. 
' 5 4 ¢ 16 6 ray 4 


© BIT 6vRlhS Nickel and nickel-chromium alloys can be soldered 
imple numbers with rosin; however, the surfaces must be scraped clean 
and bright and immediately coated with a rosin alcohol 
solution. Surfaces should be tinned before soldering. 
Resistance wire should not be soldered if operating 


big. 3 Relative inerease in the temperatures are ove! 300 F, 


conductivity of various fluxes as Silver, silver- and gold plated surfaces may be soldered 


when they are clean and bright. Silver discolors quickly 


in the presence of oxygen and partic ularly fast in the 


compared to water-white rosin 


presence of sulfur. Consequently, surface formations must 


Operating temperatures in the range of 500 to BOO | be removed immediately before soldering 


will also char or injure the insulation of most wire types The wattage of an iron should be chosen to provide 


lemperatures half these values will injure plastic insula a quantity of heat sufficient to bring the connection 


tion. Even wires lying on crossbars a considerable dis quickly up to a sensible temperature —-no more, no less 


tance from the connection have been sufliciently damaged Where operations are discontinuous, a temperature regu- 


by elevated soldering temperatures to cause service fail lating stand should be employed to keep the iron only 


are also responsible for burnt o1 up to soldering temperature. Alternatively, a resistor can 
injured soldering iron tips and a drop in heat transfer 


ure. High temperatures 


he placed in the iren circuit to limit the current: and 
When properly applied low temperature soldering 


maintain minimum soldering temperatures when the iron 
brine 


out the full fluxineg properties of rosin and leaves is not use, 


Table itl—Relative Corrosiveness of Various Fluxes Compared to Water-White Rosin on Copper Strips 


Exposure Time 
12 Hr 18 Hr 31 Hr | 52 Hr 152 Hr (totel) 
Semple No." 12 bw at 40°) oh, TSF 6 hr ot 92% oh. TSF 13 be ot 92% ch., TSF 21 br ot 92° ch, BOF | 100 hr at 50% rh, BOF 
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egvaccecarcrs 
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e—No corrosion b— Very slight corrosion c—Slight corrosion d—Progressive corrosion e—Continuing corrosion 
“See Table li for classification of flux semple numbers. 
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THe Emerson Evecraic Mee. Co. St. Louis 


Low-Cost Process for 
Printed-Wiring Art Work 


Specially treated Mylar film with sprayed-on elastromeric coating provides 


the base film material for producing art work by means of an economical 


solvent-etching process. Costs are low enough for experimental and prototype work. 


Iv HAS BEEN THE EXPERIENCE OF The Emerson Electric 
Mig. Co.’s Armament Division, that one of the most ex- 
pensive phases of printed-wiring techniques is the graph 
ical data often referred to as art work. After the design 
layout had progressed to the point where “fill-in” art 
work was required, excessive time ( harges were accumu 
lated in the process of acquiring the master from which 
an appropriate photo image could be processed." 
Various methods were tried in an effort to establish 
a printed-wiring process suffic iently low in cost to be 
usable as an experimental or prototype tool. The cost 
indicated that 
wiring was suitable only for production programs and 


figures, however, have always printed 
that prototype equipment must continue to use standard 
wiring techniques with the associated terminal boards 

Initial estimates of art work of the type that required 
inking on Bristol board or Stabilene cloth revealed an 
average expenditure of approximately 100 man-hours 
per two sides of a printed wiring board. Using the same 
size board as the basis for comparison, the employment 
of a later procedure that makes use of “Zipitone” affixed 
to Mylar film reduced the time required to produce the 
graphical data to approximately 50 man-hours. 

In the search for a still more efficient procedure, 
Emerson engineers investigated the possibilities of em 
ploying the technique of solvent etching. This technique 
had been known for many years, although its use in 
fill-in art work had never become popular. This was at- 
tributed to difficulties associated with the chemical coat 
ings and to techniques associated with producing the 
base film material. It was found. however, that the Tru 
line Process Company, St. Louis, was actively pursuing 
the further development of this process for application 


to geodetic survey maps. In close cooperation with this 


concern a new process for making the printed wiring art 
work has been established and at present is being em 
reduction 


ployed by Emerson with an amazing cost 


Using this new process, art work previously estimated 
at 1OO man-hours can be accomplished in approximately 
1! man-hours. 

This new technique is identified by the Truline process 
Company as the Lae Strip process, The resulting prod 


duct Is commonly referred lo hy kmerson personnel as 


“red skins 


Process Description 
\ sheet of 750-gage Mylar 


Is processed with a special proprietary adhesive Compo 
(This forms what 


may be described as an “elastiable” coating 


(DuPont polyester film) 


sition to receive the La Strip coating 
to coin a 
terminology that seems pre ferable to the more commonly 
used term, “vinyl.”) The surface preparation of the 
film can be varied to produce varying degrees of peel 
strength of the final coating. This peel strength can be 


made to vary from what may be deseribed as very 


“tight” coatings to ones that will peel very easily. Degree 
of surface treatment of the film will be determined by 
customer handling procedures of the finished part 

After surface treatment of the Mylar film has been 
completed, the Lac-Strip coating is applied by spraying 
Three coatings are usually sufficient 
desired thickness 


produced. Following 


to produce the 
<0 that dense photo images can be 
a suitable drying cycle, the coating 
is processed with a fine abrasive material. This treatment 
is used to produce a certain degree of “tooth” so that 
proper adhesion will result when a top surface of light 
sensitive material is applied. 

An air stream is « mployed to remove the fine abrasive 
parti les prior to the film heing sprayed with a light 
Five to six coatings are 


sensitized lithographic solution 
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Stripping background — coating 


from the Lac Sirip proce sed film 


required It is this solution that in effect acts as a slenes 


Lith-kemeo.” Other similar 
coatings are available for this portion of the 


and Is commonly known a> 


proce -' 


ind work equally well 


Another drying cycle is then required after which the 


sheet is placed in a vacuum frame and exposed to a 
positive medium (line drawing). Exposure of 3 min at 
a distance of 36 in. from 14-in. double-carbon are lights 
is required, The type of line drawing required to produce 
quality masters will be discussed subseque ntly 


\fter removal from the vacuum frame. a deep-etched 
This is 


pouring developer on the 


stencil is develope d 
film on a table 


accomplished hy plac ing the 


sheet. and 


Pubbin the sheet with a foam rubber pad After the 


developing process Is completed the excess developer I> 
squeegeed from the film. The deve loping operation r 
moved the material wherever a 


light-sensitive stencil 


line appears on the positive. The resulting exposed 
Lac-Strip coating under the stencil coating Is now sus 
ceptible to further processing 

The Lae-Strip coating that has been exposed by the 
developing operation is removed when the film is placed 
in a solvent bath. Wherever a line appeared on the line 
drawing, all coatings will have been removed from th 
film leaving a transparent area that exactly duplicates 
the line drawing. The solvent used in this operation is 
1 mixture of methyl ethyl ketone and methy| isotropil 
ketone. The film is progressively checked on a light table 
during the developing operation until all lines appear 
clearly etched through to the base film 

The remaining operation is the removal of the light 
-ensitive material or stencil which is accomplished by 
the use of a jet of water. The film is then squeegeed and 
dried 

\t present the Lac-Strip procedure has not progressed 
lo a point where tolerances can be accurately defined. 


There is little or information 


no detailed quantitive 
lt is of interest to note that the tolerances outlined as 
ltems 2 and 3 surpass the tolerances to which printed 
circuit board fabricators can reproduce parts. 

|. Peel Strength. No quantitative information except 
that tight-to-loose bonds can be made. 

2. Line Width. The examination of finished films re 
veal that line widths as small as 0.002 in. can be clearly 
etched 
Width. Examination 


of finished film has revealed that spacing between lines as 


3. Line Spacing o1 Conductor 


small as 0.005 in. is entirely practicable. 

1. Concerning tolerances between the (positive medium | 
line drawing and the Mylar sheet with Lac-Strip coating 
it can be said that reproduction should be true in all 


details since this process is one of photographie repro 


duction using contact printing. 
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Line Drawing Qualifications 


The accuracy of the finished “red skin” films from 
which the photo Images must be processed dep nds upon 
the accuracy of the line drawing. It would be pertinent 
therefore to outline here acceptable procedures for the 
preparation of these drawings 


Iwo methods are venerate the line 


employed lo 
drawings of the printed-wiring circuitry. In order to 
ensure stability and the resulting accuracy of the master 
a suitable stable base material must be employed in 
each method. 

One method employs Stabilene glass cloth as the bas 
material and requires the use ol a well-sharpened hard 
pencil for all line work. Since the density of the line on 
the layout determines how well the Lac-Strip negative 
will be etched, extreme care must be exercised to avoid 
fuzzy or weak lines. This point will be further emphasized 
when the peeling process is discussed, 

\nother method of producing line drawings employs 
coated Stabilene cloth. Using this medium it is required 
that all lines be seribed on a surface by means of a 


stylus. Line definition can be checked by viewing the 
layout on a light table. The resulting master will produce 
a Lac-Strip negative that is easily peeled without dis 


turbing the fill-in areas that represent the circuitry. It 


should be realized. however. that until personnel have 


hecome experienced in “cutting” the master more time 
is consumed using this method. It should be further 
explained that the coated Stabilene is actually a negativ: 
line drawing and requires an additional photographii 
process before it can be used in the Lac Strip process 

Regardless of the method used, conductor widths are 


determined by 


measuring the distance between line 


not including line widths. 


Costs 


In order to compare the total cost of producing the 


printed wiring board via the inked Bristol board. th 


adhesive-film (Zipiton } process ancl the Lae Strip 


process, it ts also necessary to consider the cost for Lime 


required fo complete each process to the porn that the 


photo image can be made. 
For the inked Bristol board 


iveraged approximately LOO man-hours for a standard 


process this time has 


tWwo-side printed wiring board, the time being spent ex 


clusively in layout and inking around the contours ol 
the conductors to be 

The Ziptone pro 
plication of an adhesive film allixed to a sheet of Mylar 
file. “The 
scribed by 
to the Mylar film surtace 
representing a conducting 


strips of Zipitone on the Mylar film 


printed 

SIs accomplished through the ap 
configuration of the conductor contours ts 
a stylus cutting through the adhesive film 
The portion of the Zipitons 


film, not surface, is then 


peeled away leavin 
exactly representing the conductor areas. As previously 
stated this process involves approximately 50 man-hours 

In the Lae Strip process, it should be understood that 
the basic form is a purchased item requiring but short 
procurement Lime and representing an investment of ap 
proximately $2.00 per sq tt of form area Phe pure hased 


VMylar-Zipitone 


has obviated the necessity of 


form is basically equivalent to the form 


except that solvent etching 
the time-consuming hand seribing 

\fter procuring the etched purchased form, it is then 
necessary to remove the extraneous coating material 


from the Mylar film 


by using a small knife blade to raise an edge of the 


hie re moval proce ss 1s accomplished 


woviding a weling starting 
| | 


limited to the 


coating material thereby 


point This peelin is. of course removal 
of all the background coating and the areas that remain 
unpeeled describe the desired circuit. To correct: errors 
in circuit layout or inadvertent peeling, a brush-on fluid 
is available for the Lae-Strip process that has the same 
consistency as the original coating and can be cut with 
i knife edge to outline the desired cireuit change or 
correction. The peeling of the excess coating completes 
the revision. It has been found that by using this proces 
the time required to produce the equivalent of the pre 


vious two methods is approximately b man hours 


Steps of the Lac-Strip process for 
making printed wiring artwork 


A. Uncoated Mylar sheet 
B. Coated Mylar sheet 


C. Exposed and solvent-etched 


film 
D. Partially stripped film 


E. Totally stripped film 
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Automatic Testing 
of Electronic Components 


Discussion of the factors involved in the design of a components testing system, Flexi- 


bility of operation and low cost frequently supercede high productivity in importance. 


COMPONENTS TESTING may be divided into three general 
hand fed 
hand fed with automatic test 
Ing equipment making the decision, or automatic feed 


BrOouUps a) manual operation human det | 


sion: (b) semi-automati« 


with human decision: and (c) automatic human set up 


and calibrated, with automatic feed and automatic test 
equipment making the decision and providing, through 
associated mechanical devices, the required sorting. The 
first category is largely limited to short runs and small 
quantity production where mechanization is not justified. 
The second group fills the requirement when geometry 
makes the part difheult to handle by automatic mechan 
ical means or short run standby equipment ts desirable. 
Geometry problems, of course, are to be avoided by pre 
planning product design whenever possible. The third 
category, and to a lesser degree the second, are by their 
nature of primary concern for application to mechanized 
assembly of electronic circuits 

Years of experience in this testing field has led to the 
establishment at International Resistance Co. of a number 
of factors to be considered in the design of equipment 
for each type of application. The more important of these 
include the following 

1 The equipment should test only for the characteris 
ties desired and should not respond to extraneous infor- 
mation 

2—The test should be performed with the specified 
precision and accuracy 

$ The operation should be economical 

1 The equipment should be simple to avoid mainte 
nanee problems, 

» Reliability should be inherent in the test set design. 

6 ~The calibration and set-up should be simple, rapid 
and foolproof 

'——Safe operation is of prime importance. 

All tests must be performed to clearly defined stand 


Mechanical handling devices should not abuse 
damage the components 
A review of the manual test methods reveals some 


the types of instruments which may be used. Some 


these are direct reading instruments, limit bridges, null 
balancing, go-no-go ete. In the semi-automatic methods, 
there is the choice of automatic feed with equipment 
essentially the same as that mentioned for the manual 
methods, or a hand-fed installation with the equipment 
providing the test decision and indicating the sorting to 
be performed. 

Because of the growing activity in all phases of auto- 
mation it is automatic testing and sorting in whch there 
is the greatest interest, Here, there are an almost endless 
number of approaches available to reach the desired 
goals. In work at IRC it has been found that the circuitry 
which most closely fills our needs has one or more of 
the following characteristics: 

|_-Flexibility in handling single or multiple functions 
and in meeting necessary tolerance requirements 

2 Adequate sensitivity, whether this be acquired with 
or without amplifiers. 

3. Stable d-c amplifiers and detectors where required. 

1—Adequate a-c amplifiers and detectors. 

5 Gate circuits and balanced limits as part of its 
inherent design. 


6 Minimum number of memory devices. 


Operation. These considerations may be more easily 
understood by describing the design of a typical unit for 
automatic components testing and sorting. The block 
diagram of Fig. 1 shows a three-tolerance tester which 
can operate at high speeds, up to 12 per sec, testing, 
recording and sorting capacitors for proper range and 
tolerance. The associated mechanical devices transport 
the units to the test position and then move them to the 
selection stations. The electronic test equipment performs 
the test and supplies the information immediately to the 
memory, which holds the information until the subject 
component is aligned in the eject station. The eject 
mechanism is triggered and sorting accomplished. 
Connected to the test position is a d-c bridge with the 
proper selection of d-c voltages. It may be noted that 
the use of a-c is in many cases both easier and more 


desirable. However, in the example cited, as is frequently 
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hig. 1--Block diagram of three-tolerance automatic tester 


for capacitors. Output of d-c bridge is converted to a- 


amplified, and used to trigger one of three thyratrons 
Pulse output is fed to memory device (relay) and stored 
until component is at eject station where it is sorted 
into the proper group 


the case in components testing, If was necessary lo use 
specified d- voltages. The output of the d-c bridge is 
fed to a double-chopped cathode follower, which is also 
fed with an a-c signal from a free-running multivibrator 
The wave form may be shaped as desired. A balance 
circuit is tied into the double cathode follower through 
one of the grids and the signal from the bridge is fed 
to the other, The balance circuit is designed so as not 
only to balance the two inputs, but also to compensate 
for the unequal plus and minus signals from the bridge 
as well. The advantage obtained by this input system is 
that now a-c amplification can be used. After suitable 
amplification and coupling, the signal is fed to as many 
gates as there are separations required, 

It is to be noted that the unbalance signal is non 
linear, decreasing in rate of change as the extremes of 
zero and infinity are presented to it. Thus, the sensitivity 


is greatest near zero, and since components testing is 


usually for units from | per cent up to + 20 per cent, 


this feature is quite desirable. One usually cares little 
about a unit 100 per cent out of tolerance or about a 
shorted or open unit. In this type of circuitry, all three 
defects give approximately the same error signal while 
at signals of 20 per cent or less, a 0.1 per cent difference 
is readily detected and selected. 

At the diode gates suitable synchronization is also 
provided from a sync circuit. This is usually tied into the 
machine so that it is impossible for the machine and the 


testing equipment to ever get out of phase. Only with 
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2. Automatic test equipment designed 


weordance with block diagram of big. 1 
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hig Block diagram of twotolerance semi-automatic ts 


the concurrent arrival of a 


the vate 


syne signal and proper signal 


lo a vate can conditions be satishied and infor 


mation transmitted 


On the assumption that the foregoing conditions are 


trie i signal is 


into a “yes 
one-kick 


with its asso 


upplied hoy the proper gate 
of 


multivibrator and thyratron tube 


circuit consisting an at amplifier, a 


The gate 
ciated calibration circuit supplies the 


This 


nsitivily 


how-much” infor 
Is done 
hie 


parameter 


mation <0 as to obtain proper calibration 


ind se thyratrons role is that of a 


prope I 
es-ne 


If a signal comes through the diode vate, it is amplified 
and used to trigger the one-kick multivibrator which sup 
jolie - 
Lhe 


thre 


the same pulse each time to the associated thyratron., 
the fact that it 


information ts 


was triggered on 
until the 
ubject Component arrives at the point of sorting, when 
the lo the 


I hie on then plates so as to make 


ree ords 


the 


thyratron 


Memory where stored 


information is utilized trigger eject’ device. 


thyratrons have a- 


fy Ee] 
PTE 


This unit combines flexibility of operation with low cost 


them self extinguishing. The memory is tied in mechan- 
that 


syne 


ically so no phase difference can exist between 


machine, and memory. Fig. 2 pictures the equip 
ment described. 

There are numerous applications where high produc- 
tion is not the most important consideration, but a pro- 
duction installation is needed that is ready to test when 
conditions dictate. Such standby equipment should not 
involve a large capital investment. In such a case, the 
method might well be used. The block 


> illustrates a typical two-tolerance tester 


semi-automat 
diagram of Fig 
for capacitors. Some of the requirements in this particular 
case are (a) minimum stray capa itances, (b) the test 
operation not to be tied to a production machine since 
the fast 
operation independent of operator judgement. and (d) 


machine has other production purposes, (c) 
low capital investment. 

These requirements were fulfilled by the testing set-up 
L. Intermittent motion was chosen 


shown in Figs. 3 and 


to reduce stray capacitances, 
The of the 
operator is to keep the maga 
zine filled. The speed of the 


machine is fixed. Capacitors 


function 


sole 


are indexed by a Geneva-ty pe 
The 


turn 


movement units are 


taken the 
magazine, brought under the 
test 


quently 


in from 
subse 
to the 
eject station. Here the unit is 
the 
group. If the unit is a reject. 


contacts and 


transported 


placed in 


appropriate 


it passes on to the next sta 


tion where it is removed 


Fig. 4 Transport mechanism 
for bringing components to test 
position and then to eject sta- 
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Circuitry. Although in this case the equipment shown 
is for two tolerances, it can be extended to more tolerance 
or separation groups. An r-f{ supply is used whose output 
circuit is designed so that any combination of impe 
dances of the standard branch and the unknown branch 
cannot overload the frequency source. The standard arm 
consists of a detector and a multi-turn precision potenti 
ometer, while the unknown terminals are shown as ( 
The tube used in the detector circuits is located right at 
the contacts to eliminate stray capacitance. By the in- 
sertion of various values of C, the multi-turn precision 
potentiometer may be accurately calibrated. 

The outputs of the two branches are fed to a mechanical 
chopper and then to an a-c amplifier. If the voltage of 
the C, branch is exactly equal to the standard branch, 
no d-c output voltage results from the chopper. When 
the two voltages are not equal, a d-c output voltage 
results which is proportional to the degree of unbalance 
This voltage is fed to the a-c amplifier and then to a 
calibrated gate. This gate performs the function of “how 


much” and can be set to whatever limits are required 


In the diagram are shown two such gates, one at 5 
per cent and the other at 10 per cent, but any num 
ber of channels could be added for additional separations 
If the signal is large enough to pass the gate, it then 
triggers a one-kick multivibrator, the output of which 
triggers the thyratrons. These latter two stages perform 
the simple operation of “yes-no”. Notice that throughout 
the testing circuit, standard well-known operations are 
used so that no complex operational problems result. 

The memory device used to store this information is 
a relay. During one cycle of indexing, the sequence is (a) 
eject, (b) clear and (c) test. In this way the informa- 
tion of the relay from the previous cycle is used to 
trigger the mechanical gates, the relay is cleared, and 
finally the next unit is tested by means of a synchronized 
signal from the machine. The new information is fed to 
the relay just before the new indexing takes place. The 
speed of this operation is one per second, or 3600 
capacitors can be tested and sorted per hour. While this 
is considerably below the productivity of an automatic 
operation, it will suflice in many applications. 

These are only two examples of many in which IR¢ 
has applied automatic testing on a large scale. This test 
program has resulted in economies of manufacture and 
improved quality because it has eliminated the human 
element as a factor. 

In conclusion, some suggestions are offered for those 
applying these considerations: 

1. Each installation should be undertaken in light of 
the consideration and specifications previously outlined. 

2. The simplest approach consistent with meeting the 
requirements should be adopted. Unusual circuitry should 
he avoided wherever possible as it will only confuse both 
operator and maintenance technician. 

3. Future requirements should, where possible, be 
provided for by design flexibility. Multiple characteristic 
testing and sorting seems to be a trend 

1. Handling and testing should be considered early in 
product design. It is often possible to make minor 
physical changes to materially reduce handling, testing 
and sorting problems without sacrifice of other desirable 
properties, : 
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W-Pack Protects 
Porcelain Finish 


Cc. J. PHISCATOR, Packaging Engineer 
WHIRLPOOL CORPORATION 
St Joseph, Mich 


WHEN PORCELAIN ENAMEL Was first used 
instead of a baked enamel on the top 
surface of high-back home electrical 
appliances such as the automatic clothes 
washer, serious difficulty was experi 
enced because of chipped finish In 
stacking during transportation and 
storage, considerable weight was trans 
mitted from the top of the fibre board 
carton through multi-wall corrugated 
blocks to the top of the appliance 
This was so great that excessive chip 
ping re ulted 

Here at Whirlpool the chipping wi 
eliminated by the use of a special in 
ternal pack shaped like a capital W 
and shown in the accompanying dia 
yram. The two outer legs in the W rest 
against the side of the carton and ex 
tend from the top down to the machine 
top level. A horizontal panel 6 in, wide 
covered with cellulose wadding rest 
on the machine top. The middle legs 
rise at an angle to the top of the 
carton and meet with a center panel 
The carton flaps are sealed to this 
center panel. The W-shaped pack is 
designed so that when cartons are 
stacked, the load will cause the pack 
to collapse before the porcelain Is 
chipped 





W -shaped internal pack protects porcelain 
finish ol high-back appliance 


r pre 
(onterence 


Vssocialio 





DESIGN TRENDS 


Characteristics of Germanium Power Rectifiers 


sObkL Ih 


ih well 

of 9O per cent are obt iinable 

from vermanium  diflused junetion 
power rectihers under optimum operat 
follow 
forward and reverse 


rectiher he 


wd drop and high permissible 


ny condition These ethetencis 


from the unique 


characterists ol uch 
low fory 


current density ihout io imp/em 


iverage mn i half-wave eireuit) la 


cilitate production of stack or other 


multiple reetifier assemblies of small 


dimensions and light weight An im 


portant contributing factor in these 


respect i the high reverse voltage 


Lerinanitim cell 


rating of a requiring 
fewer unit im serie to form a high 
voltage tack In turn i comparatively 
mall number of cells in cascade mean 
embly 


it low forward drop in the a 


makin for high etheien 








4 4 4 4 4 


Fig. | 


Forward drop plotted against junction base temperature hig 


Although the forward drop in’ ger 
manium power rectifiers Is very small 
compared with that in other reetifier 

thout one-fifth of that in diffused 
rectifiers) like other 
(metallic 


germanium type have 


junction ilicon 


emi-conductor rectihers” 
temperature 
dependent forward and reverse chat 
wleristy For instanes the forward 


drop at 60 © is about 20 per cent 
vreater than at room temperature In 
ge the 


level to 75 € result 


temperature trom room 
in a forward drop 
De spite 


the increase in resistance at low tem 


decrease of about 10 per cent 


perature germanium power rectifiers 
have uch a low drop at 60 C as to 
provide exceptional efheiency 

The effect of temperature variation 
on forward drop is shown in Fig. | 
while Fig. 2 indicates how the forward 


drop changes with load current 


Contributing to the high etheiency at 
low temperatures is the marked de 


ase in reverse leakage current as 
the temperature goes down, Fig. 3. The 
losses 


continuing decrease in reverse 


with lowering temperature at least 
increase 
Ratios of 
forward-to-reverse losses are of course 
affected also by the 


reverse voltage and by the resistances 


partially compensates for the 


in forward losses (Fig. 1) 


magnitude of the 
of the rectifier. 


The effects of 


leakage int SOrne 


reverse voltage and 


typical 10-amp ger 
manium power rectifiers are indicated 
in Fig. 4. These curves show that one 
unit may have negligible leakage at 60 
volts but a high leakage at 100 volts 
It is unwise, therefore, to conclude that 
one unit will withstand a higher back 
voltage than another simply because of 
less leakage at a fairly low voltage 
When reverse losses become a sub 
stantial fraction of the forward drop 


or when units are to be operated at 


2--Forward drop vs load current for 10-amp germanium 


for a l0-amp germanium power junction junction rectifier. 
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Fig. 3— Effect of temperature on reverse leakage current. 


higher ambient temperatures, voltage Effect of back voltage on open circuit leakage rate 
derating of germanium rectifiers be d (l0-amp germanium junction) 
comes necessary. Such derating reduces 
the chance of damage to the metallir 
junctions and ensures a long life. Even 
with such deratings, permissible volt The absence of any appreciable aging 
ives may be comparatively high at effects In germanium rectifiers assure 
imbient temperatures up to 75 C, high efheiency and excellent voltage 
In general, forward current derating regulation over a very long period 
a more important requirement than Field tests to date show no appreciable 
voltage derating for high ambient op deterioration in forward or reverse 
eration. The leakage current, especially characteristics after more than 1250 
in higher voltage junctions, is generally working day 
not very voltage-sensitive within the Overheating, caused by current above ik ceaiaa 
voltage rating. (Fig. 4) It is very the normal load limit or by ex 
markedly influenced by the junction cessively high ambient temperatures Vig. 5—-Voltage regulation in half-wave 
temperature, however. (Fig. 3) Since is a common cause of failure of get circuit with resistive load using 10-amp 
the forward current in larger junctions manium power rectifiers. Such failures germaninm juncions 
accounts for the greater part of the usually occur suddenly and = catastro 
internal power dissipation, it causes phically if units are not operated in 
most of the heating that may damage accordance with the manutacturer’ 
the junction when heavy surges occur, specifications. Experience show that 
although surges can also cause damage fan or liquid cooled units, Fig. 6, de 
by initiating a “runaway” leakage cur rated if necessary because of high am 
rent bient temperatures, will provide useful 
Because of its low forward resistance, amounts of power at much higher volt 
the germanium power rectifier provides 
excellent voltage regulation in power 
supply circuits as indicated in Fig. 5 
With its use a reasonably high degree 
of voltage regulation can be obtained 
at low voltages without elaborate and 
expensive control circuits. In a simple 
single-phase bridge comprised of four 
10-amp germanium junction rectifiers, 
an increase in load current from 4 amp 
to 20 amp (a change of 500 per cent) 
was accompanied by a voltage decrease 
of only 7 per cent. This behavior meets 
many low-voltage (3-4 volts) de power 
requirements. 
As for other semi-conductor rectifiers, 
germanium units should be carefully 
matched before using them in series o1 
in parallel. Voltage derating will allow 
nearly equal heat dissipation in all se« 
tions of a_ rectifier assembly. The 
amount of derating will depend upon 


WY" 


how closely units are matched over the 


temperature range likely to be en- Fig. 6—Fan-cooled 60-kv 3-phase bridge 


hig Construction of germanium pow 
countered during normal operation germanium power rectifier 


er junction 
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ipe than ma be ile for convection 
cooled unit 


Thy forming treatment giv 


- 


other type of metally 


rectihers 


unnecessary when putting germanium 


units to work. Nor is there any “de- 


forming” effect evident when germa 


nium junctions are inoperative for 


a lengthy period. The efhiciency of the 


device is much more dependent upon 
precise processing of the germanium 


wafer and upon complete diffusion at 


the germanium-indium junction, Fig 


7, than upon any forming action in 


service. 
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Centrifugal Switch Employs New Principles 


JOSEPH bk. GREENE 


lonour bwe rereep Prop 


hhom PHEORETICAI BEST DESIC 
PANDPOINT, the ideal centrifugal switch 
hould meet the following objective 

J brictional components mtist by 
negligible and predictable at all 
Tirne 
Operation mitist bye unttorm 
throughout the life of the equip 
ment being controlled 
Centrifugal action must be posi 
tive and rapid to provide clean 
make and break of 


tact 


wits hing con 


hould bye 
adjustable by the user 


Cuut-in /cut-out peed 
easily 
within reasonable limits. (In some 
instances it 1 best that preset 
peeds be non-adjustable and tam 
perproof,) 

Number of part must be mini 
mized for simplicity and low-cost 
production 

Cut-in /eut-out ratio must — be 
changeable without major de 
modifications. (This ratio ob 
tained by dividin the cut-out 
peed to determine the a. 


from which the 


curve 
operating chat 
acteristt of the unit can be de 


termined, See chart hi > 


The Synchro-Snap switch complies 
with these tenets of the “ideal” in 
many respects 

It was in meeting the first two ob 
flyball centrifugal 
vovernors were weakest. The attempt 


jectives that early 
to overcome these problems led to a 
basically new concept in centrifugal ac 
tuators, namely a one-piece spring steel 
disk, Fig. |. Centrifugal weights are 
fastened directly to the disk, and the 
complicated frictional relationship be- 
tween weights, bearings, bearing shafts 
used, is 


ind coil formerly 


springs 
thereby eliminated through the use of 
one frictionless element. This so-called 
Synehro-Disk is formed in a conical 
hape to a predetermined height depend 
ing upon required cut-in/cut-out ratio 

The spring disk is fastened to the 
rotating shaft by means of a retaining 
plate. Actuation of the switch is through 
in insulating contact spool which moves 
is an integral part of the disk. Clear 
ince is provided between the spool and 
the shaft in order to avoid friction be 
cause of dirt, rust, or possible warpage 
By reducing frictional components to a 
negligible minimum, uniformity of oper 
ation is assured 

(nother basically new concept in cen 
trifugal switch actuation Is snap action 


In the new switch three factors combine 


big. | 
switch, 


C, insulating spool 


at the critical operating point to pro 
vide for positive, non-fluttering switch 
ing action. Up to the tripping point: 

force is 


1—Spring reducing at 


linear rate. 

Centrifugal force is increasing at 

a rate proportionate to the square 

of the speed. 

}—The radius of the weights is in 
creasing, thereby multiplying the 
effects of centrifugal force 

Just past the point of equilibrium be- 


tween centrifugal 


spring force and 
force, due to spring geometry there is 
a rapid decrease in spring force and 
“instantaneous” snap 


action results. 


This snap action permits accuracies 
never before possible. It permits such a 
centrifugal switch to be used in delicate 
control applications and in_ situations 
where a precise cul-in or cut-out point is 
required, 

In Fig. 2 horizontal spring deflection 
is plotted against the centrifugal factor 
expressed in rpm. The instant of switch- 
ing action is at point X. At point Y, 
reverse action takes place, where cen 
trifugal force decreases, spring force in 
creases, and the radius of the weights 
decreases, thus effecting return of the 
unit to its original position. Once man- 
ufactured, only speed adjust 
ments can he effec ted on a Svne hro 


minor 


Exploded view of Synchro-Snap centrifugal 


retaining plate; B, spring-steel disk, and 


Application to stationary switch 


shown be low 


i 








big. | New centrifugal switeh mounted 
in single-phase motor to cut out starting 


winding at predetermined speed 


big. 2 Operating characteristics of one type of Synchro-Snap rotary switeh 


| ig ) New centrifugal switch (or com 
bination of 2° of S ovaried = purpose 
w ite he can be separately housed to 
permit external location on practically 


imny type of equipment to signal, govern 





or control single or inter-rated speeds 


hig. 3--Family of characteristic curves of Synchro-Snap centrifugal switeh. Curve centrifugal 


where A=-1.55 to 2.70 indicate a snap-acting device; where A=-1.5 or lower, the 
switch acts as a regulating device. Where A==2.75 to 3.0, switeh acts as 


witeh with an A’ curve 
> is used 
mechanical Originall the Synechro-Snap centri 
reset protective device. Cut-out points are at x and A; cut-in points, y and B fugal switch was developed as a startir 
igal swite ‘ oped as a sti i” 
vinding cut-out device on single-phase 


electri motor hfrom that point ae 


ip out and snap elopment work has expanded the use of 
tern of actuation is determined by a back re pectively Range © of the 


Snap centrifugal switch, since the pal dicate the tart of I 


eurve tt witch to myriad applic ations, It i 


fixed curve. However, an infinite variety provides running clearance between the i salet is well as an operating 


of actuation patterns are available rotary actuator spool and the stationas levie o detect and control speeds in 


§ For the sake of simp lic ity, inter switch An unused amount of forces ! distinet way 


mediate curves are not shown thereafter supplie the locking force | Continuous, automatic speed regu 
Once the cut-in/cut-out ratio 1 developed for final positioning of the lation over a narrow speed band 
known and the XA characteristic curve rotary spool. This operating irve i Governor-control of dual, prede 
selected, as in Fig. 2, the operation of representative of a type ot governor termined, minimum or maximum 
the switch can be divided into three see control of minimum/ maximum speed peeds over a greater speed band 
tions. Section A provides the initial over over a wide speed band ,—( rt 


rovernin i ingle peed 
travel of the stationary switch contacts Fig. 2 shows these diy 


ision lor i } A combination of these centrifugal 


to maintain a positive closing force switch with a cut-in/cut-out ratio of witches can be utilized for 


Range B is the snap-over portion of the 1.929 (Cut-out 13450 eut-in (00 quencing control at at 


curve. It is in this range that the ele Should a regulatory switch be desired predetermined speed 


trical contacts are snap-opened with in to operate Within a narrow speed band bere the mechanism 


creasing speed and snap-closed with uch as cut-out at 1000 rpm, cut-in at inne i mounted o1 


decreasing speed. Points X and Y in 900-rpm-—a ratio of 1.1 exists, and ther i 1 be incorporat 
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ponent in a piece of equipment like an 
electric motor, Fig. 4, or can be housed 
in a separate unit | ig. 0 The se pal itel 
packaged unit is especially adaptable as 
i safety or control device to tie together 
rotary lunctions in equipment or auto 


mated tem kor instance where 


hazardous furnace operation could re such complicated equipment as guided 
ult from blower failure, fuel supply can missiles through interrelated speed de- 
be immediately shut off upon reduc tection 

tion of blower speed to a predetermined Other types of equipment where the 
minimum. By detecting related speeds use of an accurate, versatile rotary speed 
this type of centrifugal switch can tle control would obviously be advantage 
in machine operation with transfer ous, include turbogenerators, elevators, 
equipment and conveyors. In addition cranes, hoists, d-c powered equipment, 
the compactne ind versatility of this laboratory equipment, protective ci 


entrifugal witeh permits control of euitry, signaling and sequencing 


Teflon Film as Dry Lubricant 


fuk use or THIN FiLMS of Teflon as 
dry lubricants for metal surfaces offers 
many advantages, according to a report 
prepared by V. G. FitzSimmons, Sur 
face Chemistry Branch Naval Rese arch 
Laboratory* Such films often have 
the particular advantage over other dr 


lubricants of having a_ coefficient of 


riction ranging from 0.1 to 0.04 he 
tween relatively liding surlaces Thiet 
operable temperature range of thir 
Teflon lubricating coating from 
BO F to 550 | 

leflon films are formed by baking 
in air-dried coating de po ited from at 
muecou di persion Several aqueou 
uspension are available The u 
pension which should be used for the 
most satisfactory results is determined 
ly the nature ol the urlace be 
coated, the number of coats to be ap 
plied, and the color of the finished 
product. The essential information can 
be obtained from the FE. I. du Pont de 
Nemours Company, Finishes Division 
Wilmington, Delaware, in the form of 
i technical bulletin 

In applying Teflon as a dry lubricant 
and corrosion-preventive coating, the 
procedure found most satisfactory at 
the Naval Research Laboratory is as 
follows: 

| Ihe object to be coated is sand 
blasted with No. 80 ilica and to 
produce a “satin” finish. Such a tech 
nique does not dimensionally change 
the object to be coated Sandblasting 
inprove thre udhesion = of leflon to 
metal and also tends to maintain the 
leflon film in a condition that provides 
the lowest possible coeflicient of friction 

2. The indblasted object is” then 
placed in an oven preheated to 700 | 
for the purpose of producing a light 
oxide film on it and also to remove 
any organic contaminants that might 


be present. Oxidation of the metal has 


Mobile Air Conditioner Uses 
75-Ft Flexible Delivery Duct 


CAPABLE OF DELIVERING AIR as cool as— 75 F, plus or minus 
'4-deg, a new mobile air conditioning unit, shown, is specially 
designed for use with guided missiles. Close temperature 
control is made possible by a three-ply delivery duct con 
sisting of an insulating Fiberglas liner and blanket, and an 
impre ynated fabric skin Known as Spi itube-K, the ducting 
is manufactured by the Flexible Tubing Corp., Guilford 
Conn. Three 25-ft lengths of 8-in. ducting are used and the 
combination of flexibility and light weight adapt the air 
conditioner for eflicient use under widely varied conditions 
The air conditioner, of stainless steel construction, is com- 
pletely automatic and works against 1% psi. Special defrost 


ing equipment insures uninterrupted operation at levels 


below treezing 


i 


ere 


orem rant 
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VARGLAS SILICONE 


CLASS H 
TUBING and SLEEVING 


for applications requiring prolonged heat endurance at 


temperatures up to 260°C. 


Varglas Silicone tubing and sleeving were developed by Varflex for 


applications involving continuous Operating temperatures up to 260 C. 


Exceptional stability is combined with the following qualities . 


Flexibility 


cause no cracking or peeling 


sharp turns and 90° bends 
no loss 
of dielectric strength. 


Dielectrically-Strong — All grades con 
form to NEMA and MIL-1-3190 standards 


Moisture-Resistant 


ance to 


including resist 


salt water, mild alkalis and 


acids. 


Flame-Resistant Standard burning 


test is 45 seconds to burn 1 inch. Can 


Send for FREE SAMPLES 


be made self-extinguishing on special 


order 


Cold-Resistant 


chafing 
a 


Excellent resistance to 


and 


abrasion, flexible to 


“For temperatures down to —65°C, and 
for applications requiring extraordinary 
flexibility, we recommend our new Var- 
glas Silicone Rubber sleeving and tub- 


ing. Inquiries invited 


Mail coupon today for free folder 


containing 25 different test samples 
of Varflex insulating sleeving, tub- 


ing, lead wire and tying cord 


Rann a 
Part 
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been found lo produce yreater adhesion 
of the Teflon, and the removal of or 
gan material prevent the evolution 
ol gas which causes 


| ‘ flon 


5. After the oxidized 


pinholing in the 


metal has 


cooled, it is coated with the 


iqueous 
uspensoid of Teflon through the use 
of a conventional pray gun The 
amount spraye d should be just ufheient 


» cause the substrate to become invi 


byle thi 


between 0.2 


will create a film thickness 
and 0.3 mil which is sufh 
cient for most lubrication applications 

b. If optimum corrosion prevention 
should 


essential to fuse each 


desired, multiple 
he applied. It is 


leflon co iting before 


coatings 


applying another 
hould be overt 1.0 


mil thick ince this will cause mud 


Vo single coating 


cracking of the finished coating 


| ‘ flon 


idequatels dried betore it 


It i important that the 


mating bye 


is placed in the fusing furnace. How- 
ever, removal of the water by evapora 
tion should not be so rapid that evolu 
tion of water vapor from the coating 
will cause 
film. Au 
recommended 

6. After the film has been air dried 
should be baked in 


a furnace at a temperature of from 


porosity in the final fused 
drying from 2 to 4 hr is 


the coated obje ct 


700 to 725 F for a time long enough 
to elevate the Teflon-metal interface to 
700 F. The time required to complete 
the fusing process de pendent on the 
object. It is 
essential that the metal-Teflon interface 


reach 700 | 


mass of metal in the 


minimum in order to 
obtain maximum adhesion of the Teflon 
film. It is perferable to fuse Teflon films 
in furnaces heated by recirculated air 
since this prevents localized over-heat 
ing of the Teflon to temperatures i 
excess of the bulk controlled tempera 
ture (a condition commonly found in 
convection furnaces). No simple rule 


can » given for the time 


Nnecessa4ry 


Single-Phase Motor Develops 20 Hp 


B. P. HESS 


ricultural kngineet 


Ie 
Wi PINGHOt 1 


kiecrrie Con 
Kast Pittsburgh, Pa 


kor LCONOMIE KEAS®O thie electri 


utilitue erving rural rea usually 


supply their farm customers with single 
phase power over lines of limited capac 
it These factors have imposed on the 


designer of farm equipment certain 


restriction not shared by hi 


eounter 
part in the industrial equipment field 
Designer of electrically driven prod 
invariabl 


uets for industry ilmeost 


“infinitely” large 


He ha 


much freedom in the chore ot motor 


i ume an source al 


three pliase theretore 


power! 


rating Farm machines, on the other 


hand must be furnished with single 


plia t motor 


drawing moderate 


current 


) 


Fig. | Schematic wiring 


Westinghouse Type CAP, 


diagram ol 
single ph Ine 


capacttor-start, capacttor-run moter 


lo widen the possibilities for elec 


trifving farm operations, special single 
phase motors in the higher horsepower 


Much 
keeping the 


ratings have been made available 
flort has been extended 


urrents drawn by these 


motors low 
nough to make their use practical on 
ural distribution network One such 
machine is the Westinghouse 10-hp 
CAP-2 motor received great 


icceplance because ot its 


which has 
comparative ly 
20-hp 
motor ts 
10-hp 
machine, but actually takes less starting 


low starting current. Now, a 


motor can be 


supplied. This 


imilar in basie design to. the 


current 
The farm motors in these larger rat 


ing are 220-volt, 


capacitor-start, ca 


pacitor-run Ihe 


schematic diagram 


hig | hows the auxiliary 


vindings that are in the cireuit at all 


main and 


) 


big. 2 Curves of 


ieteristies for special 20-hp farm motor 


performance — char- 


to obtain properly fused Teflon finishes. 
However, if a recirculating air furnace 
is used, there is little danger of injuring 
the Teflon film through overlong ex- 
posure in the fusing furnace. 

When multiple Teflon 
are applied, it will be found that the 
low thermal conductivity of such films 


coats of 


will make it necessary to increase the 
heating time; this again must be deter- 
mined experimentally. 

8. to chill 
rapidly the fused Teflon coatings on re- 
Rapid chilling 


produces a tougher Teflon coating and 


It has been found advisable 


moval from the furnace. 
also it reduces the chance exposure of 
personnel to the toxic fumes evolving 
from Teflon at temperatures in excess 
of 600 F, 

9. Containers in which Teflon sus- 
pensoids are shipped have an attached 
printed warning of certain hazards in 
volved in the handling of the material 
This warning note should not be dis 


regarded 


AIMPeres 
Tun 








Fig. 3 Speedtorque curves for 20-hp 
single-phase machine. Torques are 60.6 


lb-ft at full-load; 140 Ib-ft at breakdown 
ind 74 lb-ft at starting. 


times. Starting is across-the-line. 


When 
the starting contacts are closed, relay 
RI is energized through the normally 
closed R2 contacts. Contacts R1 close 
to allow current to flow through the 


starting capacitors to the center point 
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M-120 \s 
ELECTRICAL RESET CONTINUOUS ROTATION CYCLING RATCHET 


for selection and control of multiple circuits 


At Guardian we strive relentlessly for perfection as 

exemplified here by the most versatile Stepping Relays 
obtainable. A dozen models, from midget types to powerful 
solenoid-driven units, are available in an infinite variety to 

meet your specific needs. Operating speeds up to 20 pulses 

per second. Up to 40 active contact points per disc. Up to 4 
discs on some models. Included are electrical reset, continuous 
rotation, add/subtract and ratchet types in a variety of design 
groups originated by Guardian. All units are especially constructed 


to resist wear and vibration for dependable, long-life performance 


wute for your free copy of Guordian’s Stepping Relay Bulletin P-84 
GUARDIAN W ELECTRIC 


1627-B W. WALNUT STREET CHICAGO 12, ILLINOIS 


a CcOmPpritte wet 


M.A.S. ADD AND SUBTRACT 


tieviaG smteican ou . 
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DESIGN TRENDS load, current is 60 amp and ethciency is rating 18 spec ified for NEMA design B 


87 per cent. Power factor, an extremely motors. However, starting torque can be 


important consideration in the applica increased to 150 per cent of the full- 
tion of single-phase motors, is excellent 


load torque by designing for an inrush 
suxiliar winding Since the (97.5 per cent at full load 


of 190 amp. Other characteristics would 
ipacitors % w in parallel Phe speed-torque curves for the 20-hp remain the same 


running yacitors, their machine are shown in Fig. 3. The pull- This 20-hp special motor is of the 


ire additive for starting out torque is 230 per cent, which is in same basic design as the 10-hp type 


nl of rela Kk is connected exce of the 200 per cent called for a CAP-2. This 
cro half of the auxiliar winding NEMA Design B squirrel-cage induc- 


- 


motor should be very 
satisfactory on most rural applications 
tion motor. Inrush current is only 170 where low inrush current is wanted 
the relay is energized, open imp in contrast to the 209 amp allowed along with high efficiency, high power 

R?. In n, contacts R] by NEMA standards for a Design M factor 


open, 1 ing, the larting 10-hp motor and to the 418 amp per- 


When voltage acro this half winding 


high instantaneous overload 
ability and long maintenance-free opera- 


capacitors out of the circuit. During mitted for a 20-hp motor. This inrush tion. The motor package consists of the 


running, rela Kk nains energized current is lower than the 204 amp motor and 


a control box. The control 
ind contacts R2 are open. The whol 


drawn by the 10 hip motor designed for box includes the 


capacitors, the line 
relayin equence is automatic, with the farm application. At transfer point 


starter including overload protection, a 
215 amp as compared to circuit breaker and auxiliary control 
position when the motor ts 200 amp for the 10-hp motor equipment. The 220-volt, single-phase 
disconnected trom the power line The Starting torque of the 20-hp 60-evcle 
The performance curve iv : machine is only 120 per cent of full 


relate to the new 2ZO0-hp motor load torque, wherea 


Ril returnin to normall current rises to 


power supply is brought into 
the motor through the control box three 
i 150 per cent conductors C 


Portable Electrostatic Air Cleaner 


JEREMY WELTS Precipitator ken neer 
Rayruron Manuractrurntne Co 


Walthan Ma 


moved along with other partie les, the electri charge on particles in the in 


electrostatic cleaner of air brings re- coming air, and a_ collector section 


lief to sufferers of asthma and hay which removes the 
lever 
ELECTROSTATIC. CLEANEI have beer This relief ha 


charged parti les 

from the air stream. The ionizer con 
been brought to home 
used for many years to remove dust par ind office by the “Micronaire” electro 


ticle from al I hese have generally tatic air cleaner 


sists of a series of fine wires at a high 
potential stretched parallel to grounded 
i portable version of iluminum cylinders. The electrical 


precipitators used in public places load characteristic of the 
such applications as fly ash remoy il in This unit may also be used 


been in relatively large installations for the ionizer is 
for main unusual in that below the critical 


industrial plants and power generating taining dust-free conditions for pre ionization voltage no current flows 


areas and laboratories while above this voltage the 
in commercial auditorium Because In common with other 


stations, and to clean the air of smoke cision work current 
two-stage flow is proportional to the voltage 
allergenic particlh uch as the pollen precipitator the Micronaire unit has 


raised to some positive exponent be 
ot ragweed ind eerlain pra ‘ ire re if honize.T ection which places 


an cause of this, there will be large changes 


Collect hig. | Portable electrostatic air cleaner. 
plate assembly 


Hi-vohtage 


Brocket 
terminal Rectifier 


Transtormer assembly 
(ionizer tube 


Fan plug 
socket 


Power plug socket 


H+-voltage 
collector 
plate 


terminal 


mi voltage 
R 
lnavlater esistor 


dssembly 


Fig. 2—-Power supply. 
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Ad | aka mercury relays 


Adlake relays require no maintenance whatever are quiet and 
chatterles free from explosion hazard. Dust, dirt, moisture and 


ieoteeeiaes changes can’t affect their operation. Mercury-to-mer 
cury contact gives ideal snap action, with no burning, pitting or 
sticking. Time delay characteristics are fixed and non-adjustable 
For more information about Adlake Relays, write The Adams & 
Westlake Company, 1168 N. Michigan, Elkhart, Indiana 


The Adams & Westlake Company 


Established 1857 . ELKHAR'I NDIA 
the original and largest manufacturers of mercury fo r-type relay 


~ We ~ 
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DESIGN TRENDS 


wk ke 
OOOO 


VUUN 


collector 
parallel 
plate in 
ilated from the xl ‘ ‘ 1 ar iif 
ipacitor The el characterists 
f the collecto 1 pure 
mcilive react 
wo load 
voltage doubles powel ippl 
rectifier and the collector cell are : 
hig. 3—-Cireuit diagram of power supply. Inverse voltage appears across ionizer. 
connected in seri were the output 
ol the NOO-volt | reactance tran 
former The yee e of approxi ionized It ha been found however because of excessively dirty plates 
mately 7000 volt ipplied to thi that the ionizing field is distorted sufh Transient short-circuits will also occa 
capacitively loaded half-wave rectifier ciently by the incoming dust particles sionally occur in the collector section 
is just below the critical tube ionization o that all particles are treated even because of large conductive particles 
oltage. The ionizer is connected acro though the ionizer “conducts” during It has been found possible to limit 
the rectifier tube and the full peak in only 120 deg of the electrical eyele both the steady-state and transient fault 
erse voltage is the instantaneous sum fests have shown that less ozone is currents by using a series resistor in the 
of the voltage on the capacitor and the produced when pulsating d-c voltage is primary of a high-reactance trans 
transformer voltage, and its peak value applied to the ionizer than when a former 
is about 14,000 volts, nearly twice the teady voltage is applied With this simplified power supply, 
peak of the applied transformer volt In all precipitator power supplies the Micronaire air cleaner handles 200 
ipe provision must be made to protect the cfm of air per min and removes 99 per 
li might be thought that since a upply should a fault occur at the cent of airborne allergenic particles 
pulsating d-c voltage is applied to the load. Steady-state short-circuits may The power supply, with slight modifi 
jonizer, some portion of the air being occur in the ionizer section because of cations, can be used with larger precipi 


drawn through the unit) will not be wire breakage or in the collector section tators handling up to 2000 cfm 


Die Castings Lower Cost of 35-mm Projector 


forms the four sides and top; applica to insure a tight mounting fit to prevent 


tion of a wrinkle finish is facilitated by slippage after focus adjustment. De 
the smooth finish of the casting. Die is signed primarily for appearance, the 
cored for the lens cavity, operating projectors two honeycomb — grilles 
knobs, longitudinal slide magazine and mount in the front of the base and 
level control knobs. Cast-in studs posi carry around to the sides. Made as a 
tion and secure the housing to the base separate die casting, the L-shaped hood 

The two lens die castings are de is also wrinkle finished to blend in with 
ivned to close tolerances to hold the the housing. Simple removal of the hood 
vin. £/3.5 lens element The OD of exposes the projector bulb for easy 


the housing must be accurate enough replacement 


hig. |) Extensive use of aluminum dir 
Custinips ¢ nhaneces appearance, and rm 
duce cost of lightweight) 35-m = slide 
projector, designed and manufactured by 


Revere Camera Co. Chicago 


APPEARANGI LIGHTWEIGHT AND MASS 
PRODUCIBILITY at low cost were the de 
ciding design factor leading to. the 
selection of aluminum die castings for 
a new automatic slide projector, Fig. | 


, 


Die cast in one piece, the intricately hig. Six die castings for unit include housing, hood, two lens housings and twin 


shaped, thin-walled housing, Fig. 2 honeycomb grilles 
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Why Bodine motors 
were Selected 

for the new model 
Autotechnicon 


After processing, the slides are viewed under 
a microscope...the only manner in which 
positive diagnosis of cancer can be made. 


The two motors used to power this vital piece 
of equipment are Bodine Motors...a Type NS] 
12RG and a Type KCI-22RM. 


Mr. Weiskopf tells why his company uses 
Bodine Motors to power the “Autotechnicon”™ 


see above. 


VPRECEDI 


This is the newest model of the ‘Autotech 
nicon:’ It's used in preparing microslides from 


tissue removed from patients during surgery. 


The ‘Autotechnicon” prepares tissue speci 
mens in only 24 hours...four times as fast as 


a hospital technician would do it by hand. 


This is Mr. Edwin C. Weiskop!, president of the 
Technicon Company, manufacturers of various 


types of Autotechnicons since 1930 


SOD N= 


Ps 
horsepower 


MOTORS 


fractional 


Be sure your motor is as good as your 
product. For detailed information, write Bodine 
Electric Company, 2256 W. Ohio Street, Chicago. 


Ilinois 


BODINE 
MANUFACTURES 
FRACTIONAL 
HORSEPOWER 
ELECTRIC MOTORS 
FOR: 


adding machines 
letter openers 
sanders 

vending machines 
exhaust fons 
duplicating machines 
portable tools 
sound recorders 

air conditioners 
check protectors 
respirators 

voliage regulators 
x-ray timers 

traffic signal timers 
stirrers 

calculating machines 
envelope sealers 


diesel governors 


and for many 


other applications 


Ask fora sample copy 
of ‘The Motorgram,’ 
a bi-monthly publi- 
cation discussing the 
application and 
design of fractional 
horse power electric 


motors, 





DESIGN TRENDS 


‘‘Hidden’’ Freezer 
Space 


lo PROTECT THE LeSS-Uskp freezer units 
from wiarith iit ol repo ited (poe nings 
ind to provide additional space for 
bottled liquids 


(sib on 


daily supplies, such a 
Refrig 
12.26-cu 


refrigerator with 


ind) dairy product 


erator Company ce igned the 
i Strat-A-Master 
hidden 
ulated door in the rear upper section 
Lhe door itself holds bottles and small 
ize supplies, while the interior holds 
WO lb of frozen foods 


reces ed to accommodate bulky shapes 


freezer space behind an in 


| recze' door 18 


Catalytic Wire Element Banishes Oven 


Fig. 1 
Unit on left is for an electric range; 
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Beryllium Copper Replaces Steel 
and Zinc Parts in Taximeter 


ABILITY 10 HOLD close dimensional tol 
erances plus excellent wear and corro 
ion resistance determined the selection 
of beryllium copper parts in a new 
line of electrically 


nl service 


operated taximeters, 
Designed for 15 years of con- 


under severe operating 


condition the meter contains lour pre 


Cision investment 


castings at critical 


location 


Inital cost estimates for three of the 


: howed steel castings to 


part hig 
be more desirable than beryllium cop 
per however ubsequent development 


could be 


obtained with the copper alloy because 


indicated that lower cost 


of its ability to hold close dimensional 
tolerances during custing In addition 
to minimizing machining and honing 


operations metal loss 


during casting 
ire substantially reduced 

Formerly, the brake actuating cam 
consisted of a zine alloy die casting; 
however, because of excessive wear-—as 
much as “4e in.—beryllium copper is 
now specified, Hardness after heat treat 
ment range from Rockwell C 37 to 
(. 43 -more than enough to withstand 
the severe operational stresses involved 

lo achieve this hardness, parts are 
first solution-annealed at 1475 F for 3 
hr, water quenched immediately, and 
then heat treated at 600 F for 2 hr and 
Solution 


tir cooled innealing rear 


~( that 
the molecules are redistributed in such 


ranges the molecular structure 
a fashion as to Insure maximum uni 
formity during heat treatment. Expan 
sion is controlled to within 0.002 in. by 
compensating the original dimensional 


pecihcations ) C 


Versatility of catalytic Oxycoil elements is shown by these variety of shapes. 


units on right are used in portable heater-purifiers. 


hig. | Four beryllium copper invest 
ment castings are used at critical wear 
spots in taximeter manufactured by Vi- 


king Tool & Machine Corp. Belleville, 
N. J 


Fig. 2—Parts used consist of flag index- 
ing cam, top; brake actuating cam, left; 
ratchet hub, center; and return lever cam, 


right 


Odors and Grease 


EFFECTIVE ELIMINATION OF OVEN ODORS 
from the kitchen and airborne bacteria 
from hospitals is made possible by a 
new catalytic wire element developed 
by Oxy-Catalyst, Inc.. Wayne, Pa., Fig 
1. Chemical action of the platinum base 
catalyst permits complete combustion 
divided 


liquid and solid particles at tempera 


of organic gases and_ finely 
tures well below their normal combus- 
tion point. Combustible contaminants 
are instantly converted to an odorless 
mixture of carbon dioxide and water 
vapor. This basic principle has also 


been successfully applied to the elimi- 
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It’s a question that’s been asked over and 
over again, and usually we’ve answered at once 
. yes, Ampli-Film can. Sometimes, however, we 

couldn’t answer until we made tests. 
Then invariably we found that 
Ampli-Film could perform under the 
specified conditions. We learned, too, 
that Ampli-Film has more applications 
than we ever imagined! 


-FILM do this?’’ 


That's why we say 


- 
-FEILM is THE ALL-puRPOsE 
DIELECTRIC 


Ampli-Film is insoluble, incompressible and jnert. That is, it is not 
affected by acids or organic solvents . . . undergoes no 

distortion under high temperatures and pressures... can readily be 
bonded by adhesives... is free from pinholes and flaws... . 

is easy to handle and fabricate. 


Write for the Ampli-Film Handbook for further 
details on the Dielectric and how it is used in 
A-MP’S Capitron™ Capacitors, Pulse Forming 
Networks, Power Packs and Pulse System 
Packages. 


AIRCRAFPT-MARINE PRODUCTS, INC. 
chemicals and dielectrics division 


155 Park Street, Elizabethtown, Pa. 


A-MP of Canada, Lid., Toronto, Canada A-MP—Holland NV. 's-Hertogenbosch, Holland 


Aircraft-Marine Products (G.B.) ltd., London, England Societe A-MP de France, Courbevoie, Seine, France 
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DESIGN TRENDS 


nation of industrial stack pollutants and 
combustion engine exhaust fumes. 


When kitchen 


big. 2, the coil burns on contact any 


installed in ranges, 


organic combustible material in the 
smoke and odor 


The coil consists of 103 ft of coated 


iir including grease 


chrome-nickel resistance wire wrapped 
around two porcelain end posts and 
housed in a rectangular stainless steel 
frame. Wire size is 25 gage (0.0179 in.). 


The thin catalytic coating is self-clean 


ing and is bonded to the base metal to 


hig. 2 Range installation of Oxyeoil unit 
is made just below heating elements and 


at the end of the oven exhaust duet. 


prevent cracks or chipping. The entire 
unit is %4 in. thick, 7% in. long and 
354 in. wide, and is designed for 
mounting at the end of the oven exhaust 
duct, just under the range heating 
elements. Electrical connection is made 
to the 220-volt line that feeds the range 
so that the unit is automatically placed 
in operation when the burners are 
turned on. 

Extended tests, covering more than 
10.000 hr, indicate that the life of the 
coil will exceed the life of the range 


without replacement. For other com 
mercial applications the wire can be 
wound on bobbins or formed into spiral, 
helical or other shapes—depending on 


which is most suitable for insertion 


into a particular stream of pollutants 


Switch To Powdered Metal Rollers Cuts Machining Costs 


\ SWITCH TO POWDERED METAL PAKS 
has enabled elimination of all machin 
ing operations on the broiler tra wuricle 
vheel md rollers of a new. electric 
range introduced by the Tappan Stove 
Company. Machining of the vee groove 
houlder 


i center bearinip hole 1 ne longer 


undercut on each side and 


nee il nels the wheel | now cor 
paucted im two part i hown hach 


of the compacts is made trom a different 


ion powder mii one tavin i preositive 


e@ © 


and the other a negative growth factor. 
fitted 
produce a 


The green compacts are then 


together and sintered to 
union having the same strength as the 
body metal. After sintering, the wheels 
are impregnated with resin and plated 
for corrosion and wear resistance. 
Powders used are a product of the 
Plastics Metals Division, National-U.S 
Radiator Corporation, Johnstown, Pa.; 


fabrication is by Brockway 


Metals, Inc Brockway, Pa 


Pressed 


Leveling Mounts Isolate Vibration of Injection Molder 


BERNIE A. OLMSTED. Product Designer 
Reep-Prentick Conporario 


Worcs ler, Ma 


DESIGNERS OF plastic injection molding 


machinery are faced with 


continually 
the pro jem of reduc ing the sho« ks and 
ibrations caused by high acceleration 


loading ind rapid cycling. Experience 
has shown that through caretul design 
elements 


ind control of these lower 


installation time reduced stresses, and 
higher speeds and capacities can usually 
he obtained 


Anal i 


machine 


of the operation of a typical 
howed that shock loadings 
were caused principally by the rapid 
leceleration of a two-ton platen from 
00 to O in. per min in the short dis 
tance of 1l'y in. Repetition of this ae 
tion occurred every 20 to 30 sec. In 
iddition, the application of a 400-ton 
lamping load on the mold = cavities 
idded to the 


hock and vibration problem 


luring every evele ilso 


lo isolate and absorb these disturb 
inces, ten machinery leveling mounts 
Barry Controls In 
Watertown Mass., were 


hosen as original standard equipment 


manufactured — by 
corporated 
is shown. Experimentation proved that 
the mounts effectively minimized vibra 
tions and reduced plant maintenance by 
vibrations 
to the building floors and structure. Be- 


cause of the resulting noise reduction 


preventing transmission of 


high-speed heavy equipment can now 
adjacent to offices and 


laboratories Also 
{ 


he operated 
machine life has 
ven increased and maintenance costs 
ut by the reduction of internal stresses 
The built-in 


leveling feature of the 


mount is particularly important since 
in even flow of material must be main- 
tained during molding to obtain finished 
pieces free of crazed or streaked sur 
Because “walking” 


laces is no longer 


1 problem, permanent installation is 
not required and equipment can now 


he relocated easily and quickly 
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---another 


by 


Fansteel 


a brand new concept 


in Capacitor engineering! 


Fansteel Metallurgical Corporation 


NORTH CHICAGO, ILLINOIS 





New Components 
and Materials 


A staf} compilation of the latest 


and only the latest 


developments 


screened for designed-in use in electrically operated end products . . . com- 


plete with all released specifications and available application data. 


TAPE TRANSPORTS FOR RECORDING AND REPRODUCING DATA IN DIGITAL FORM 


Magnetic tape transports find applica 
tions im the direct recording of data 
in digital form indore iseful for 
recording the output oft andalog-lo 
digital converter feeding recorded 
data to the input of digital computer 
and recording computer output 

The units are able to accelerate tape 
to full operating speed in le than 5 
millisee and to stop the tape in’ the 
ame time interval, This rapid starting 
ind stopping permits high information 
storupe den ity on the liaypee 

Known as the Series FR 200, the new 
units consist of four major subassem 
by lie thie lape transport) proper thie 
head assembly the electronic control 
unit and a servo control system 

‘Time ordinarily con umed in chang 
ing tape is considerably reduced by a 
single loop tape path. Although fun 
lion of the transport are normally 
controlled electronically by a computer 
or other associated equipment, push 
buttons are mounted on the transport 
for local inanual control of the forward 
reverse top, fast forward, fast reverse 
power on-off and speed selection func 
tions. Provision is also made for a 


remote pu hbutton station 


head assembly is used for both record 
ing and reproduction. Space is oro- 
vided to permit the mounting of erase 
or monitor heads if desired 

The he id ass¢ mblice Ss ire ol a new 
design providing extreme accuracy of 
inter-track timing Alignment of all 
heads in a stack is such that the gap 
centers are within two parallel lines 
which are 0.0001 in. apart. Plug-in 
eonstruction permits accurate easy 
head replacement or conversion to dif 
ferent track configurations 

[Typical of the series is Model FR 207 
designed to record seven tracks on 1%-in 
tape. Other models will be available 
for different tape widths. The units 
accommodate either 8- or 10%-in 
NARTB reels The 10%-in. reel has 
a capacity of 2400 ft of acetate-base 
tape or 5000 tt of polyester base tape 
Kight-in. reels have half the capacity 

Model FR 207 has a tape speed of 
30 in. per sec while other models in the 
series will have different tape speeds, 
some of them being multi-speed trans 
ports. Ampex Corp., 934 Charter St. 
Redwood City, Calif. 


Circle No. 1, Reader Inquiry Service Cards 
preceding back cover 


DIVIDED INFINITE CONTROL FOR 2-COIL RANGE HEATING ELEMENTS 


Utility and flexibility of two-coil eles 
tric-range heating elements are said to 
be increased with use of the Divided 
Infinite Control, which provides an un 
limited number of heat settings (in 
finite control), plus five easily dialed 
reference polnts, providing infinite con- 
trol for both the inner coil and the en 
tire element. 

The control makes it possible to 
equip ranges with any number of dou- 
ble-coil elements, allowing large or 
small utensils to be used, as required, 
on every burner. 


The control is furnished in two 
models: No. 530A, with 675 watts input 
to the inner coil and 1500 watts to the 
entire heating element; and No. 540A, 
for 750 watts input to the inner coil 
and 2100 watts to the entire element. 
Units are rated at 236 volts, a-c. Exclu 
sive of control-knob cam shaft, which 
may be adapted to individual require 
ments, the device is 1°4 in. wide, 2% 
in. high, and 1%e2 in. deep, requiring 
minimum wiring and connections 

The dial operates clockwise for total 
element use; counter-clockwise for the 
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A Timely Word to Drafting Department Heads... 


NOW™ Is the Time to Get Your New 
Odern Bruning Copytlex Machine! 


Because you'll need greater print- 
making capacity to meet the push 
for more drafting room output! 


Because your old reproduc- 
tion unit can’t keep pace 
with increased demands! 


Because, with management's desire 
for greater production, you can justi- 
fiably include new equipment in your 
capital expenditure program. 


You Need It! The boom in production means more 
pressure than ever for engineering prints. Modern Copy 
flex will help you deliver them! New, better-than-ever 
models bring you faster reproduction speed and a host 
of operator conveniences to step up production 


You Want It, Surely! Take this opportunity to replace 
that old, inadequate unit with efficient, trouble-free Copy 
flex—no exhaust venting, no plumbing or auxiliary equip 
ment, no installation other than an electrical connection 


You Can Get If! Chances are that your firm, like most 
others, is gearing up for greater-than-ever production 


NEW COPYFLEX MODEL 500 


You couldn’t pick a better time to include new, higher- 
production equipment in your program. There’s a new, 
improved Copyflex model to suit every price and 


A new, ultra-fast, heavy-volume machine offering 
top mechanical speed of 40 f.p.m., automatic 
separation, front or rear delivery, automatic 


production requirement. Mail coupon today. You'll be 


stacking, and a host of other advanced features. 
glad you did! 


Three Other 
New, Improved 
Copyflex 
Models 


Model 35. Provides up to 
30 f.p.m mechanical speed and 
a full 46-inch printing width for 
heavy volume reproductior ot 


Model 250. Newest and finest of 
its size. Takes less thanasq. yd. of 
floor space. Up to 25 f p.m. speed 

18'A” printing width. Auto 
matic stacking ond separation 


Model 100. The helper your big 
machine needs. Makes up to 300 
prints of one or many different 
B'A” « 11" originals per hour—at 
a thrifty, low price less than 14 each for materials 


Charles Bruning Company, Inc., Dept. 23-L 
4700 Montrose Ave., Chicago 41, Illinois 


Please send me information on Copyflex process and 


___Model 250 Model 35 Model 100 


Model 500 

Best Process! Best Machines! 
Best Selection of Materials! 
Nome 


Specialists in Copying Since 1897 Company - 


CHARLES BRUNING COMPANY, INC, 4700 Montrose Ave., Chicago 41, Illinois |" ~ 


Cit 
In Canada: Charles Bruning Company (Canada) Ltd., 105 Church St., Toronto 1, Ont wn 
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(VKE 


PRECISION QUALITY 


components 


OF TUNGSTEN, 
MOLY, NICKEL CLAD WIRE, 
ALLOYS, KOVAR 


Quality controlled 

throughout production with 

Tungsten hard glass leads produced 

under General Electric Timing Control. 

Each tungsten lead is microspecially 

inspected for flaws. DKE offers highest 

quality and LOW PRICES. Send 

drawings for quotations and let us 
prove the economy of our prices. 


The Engineering 

Company can give you 

immediate delivery on following 
bases: 50 Watt, 3303B, 412 Indus 
trial Base, Giant 7 Pin Bayonet, 4310 
Four Pin Jumbo, Tetrode, Hydrogen 
Thyratron Bases in both Aluminum 
and Copper up to 6.50 dia, etc. All 
bases to JAN-1A/MIL-E-1B and sub- 
jected to weights and strength tests. 


DKE HYDROGEN THYRATRON 
TUBE BASES 


\y g ra ‘ 
CALL OR WRITE FOR QUOTATIONS 
ON YOUR SPECIFIC REQUIREMENTS 


rue BIGINGETING co 


27 WRIGHT ST., NEWARK 5,N.J. 


inner element. Heat from approximately 


8 per cent input to full wattage may be 


elected instantly on each coil De 
signed for operation in locations where 
maximum ambient temperatures go as 
high as 180 FF. the control automatically 
compensates for fluctuations in voltage 
fexcept in high) and ambient tempera 
fure 

The switche carry the Ul approval 
eal. Tests have shown a minimum of 
contact-wear tor over 500.000 operating 
cycles —equivalent to up to 15 years of 
normal operation 

Switch mechanism, encased in heat 
resisting bakelite. is built to withstand 
1500 volts a-c between line terminals 
and between all terminals and cover 
plate in either “on” or “off” positions 
as well as between line and load tet 
Proctor Ele 
Third St. and Hunting Park 
Ave., Philadelphia, Pa 


Circle No. 2, Reader Inquiry Service Cards 
preceding back cover 


minals in “off? position 
tric Co 


NYLON STOP NUT 


New nylon stop nut is a. one-piece 
washer-faced resilient hexagon nut 


which is simultaneously 


self lapping 
locking and insulating lt is molded to 
American Standard dimensions for use 
with standard installation and removal 


tool 

Completel reusable, the new nut, the 
Brilock, i iid to be ideal for preset 
ting. As the serew turns into the resili 
ent material, the material is 


displace ‘ d 


ind a counter compre ive foree is eX 


elf-tapping element 


N Washer 


base 


lead thread 
way feck 
erted against the screw as continuing 


drive-torque is resulting in a 


ipplied 
tight frietion lock. New design princi 
ple is said to align the serew in the 
hole holding il tightly against wobble 
chatter, noise and vibration 

Stocked in natural nylon color, the 
top nut also available in other colors 


for coding, circuit identification and 


ornamentation 
Pos essing the inherent characteris 
tics of nylon, the nut features light 
weight. strength in thin sections and 
outstanding resistance to corrosion 


abrasion vibration impact galling 


sizing conduction electrolysis and 


breakdown under stress. The nut is cur- 


rently available in sizes number 4, 6, 8 
10 and 14 m. The American Screw Co 


Willimantic 
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Conn, 


JAN SHIELD INSERT 
REDUCES MIDGET-TUBE 
TEMPERATURES 


New-type bulb cooling device for minia 
ture tubes using JAN shields was de 
veloped by the Navy Electronics Labo 
ratory and is being produced commer 
cially 

Device consists of a corrugated strip 
of 0.003-in. cadmium-plated — spring 
brass, with a black matte finish, which 


is formed into a cylinder and inserted 


into the JAN shield bye fore it Is placed 
over the tube. Due to the corrugations, 
the insert contacts both tube and shield 
intimately, allowing heat to flow 
through the shield and into the chassis 

Insert is available in six sizes, to fit 
all 544 and 6'% miniature envelopes 
The Birtcher Corp., 4371 Valley Blvd 
Los Angeles 32, Calif 
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MINIATURIZED MULTITURN 
POTENTIOMETER 


Similar in construction and general 


characteristics to standard 


ten-turn 
model, miniaturized multiturn potenti 
ometer is available with either flexible 
or turret-type terminals. The potentiom 


eters have a | ozin. max. starting 


torque net we ight is only 1.2 Case 
has a l-in. diam and is | in. long from 
mounting surtace to rear ot case; 


~) 


mounting . in. x 32 threaded bushing 


in. long. Shaft dimensions: '4 in 
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Engineered by Tinnerman... 


NEW 
SNAP-ON MOTOR CLIP jae 
REPLACES 4 PARTS 


Cuts Assembly Time and Costs! 


If you manufacture 
or use fractional horse- 
power motors, this new 
Tinnerman SPEED 
Cxiie® can lower your 

parts and assembly costs by elimi- 
nating 4-piece screw clamps to 
hold motors in place. 


Made of high-quality spring 
steel, this SPEED CLIP is quickly 
snapped into place over the resilient 
motor-mounting ring, using a 
simple hand tool. It forms a vibra- 
tion-proof lock that won’t shake 
free. Assembly time is reduced 
because of the one-piece construc 
tion . . . no loose parts to handle, 
nothing to tighten. Parts cost and 
assembly cost are reduced as much 


7507 1 


as 15%! 


These SpeEpD Ciips can be pro 
vided in sizes to fit any fractional 
horsepower motor. They are 
designed to hold tight even under 
severest vibration and high starting 
torque in any mounting position. 


Ask your Tinnerman SreEED Nut 
sales engineer for more information 
and arrange for samples to test on 


your own assembly line. TINNERMAN PRODUCTS, INC. + Box 6688, Dept. 12, Cleveland 1, Ohio 


Canada: Dominion Fasteners, Ltd., Hamilton, Ontario. Great 
Britain: Simmonds Aerocessories, Ltd., Treforest, Wales. France 
Aerocessoires Simmonds, S. A., 7 rue Henri Barbusse, Levallois 
(Seine).Germany: Hans Sickinger GmbH “MECANO”, Lemgo-i- Lippe 


TINNERMAN 


| be 7 f 
YD SAB INGDS 
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. any moving metal object 


“AUTOMATES’’ YOUR OPERATION 
or ACTUATES INSTRUMENTS 


through these 


ELECTRO PICK-UPS 


. without contact or “loading” 


PROXIMITY 
PICK-UP SYSTEM 


ance W 


2 Models: 
Model 4901 
Model 490! ame as al 


1 5-volt DC output inst 


MAGNETIC PICK-UPS 


Produce AC voltage pro 

portionate to rate of mo 

tion of any 

metal object traveling 3” 
Model per second or faster 
3010-A 


\ 


maqnetic 


where space is 


same speed ra 


j 1aracteristi a the 
A up to 25 ol 
Y its output 


Model 3015 


Electro Pick-ups are actuating synchronized au- 
tomatic operations in many industries send to- 


day tor details of how they can work for you! 
ELECTRO PRODUCTS 


CHG 
LABORATORIES 


4501-EM Ravenswood, Chicago 40, Ill 


Name 


Address 


City Zone State 


diam x in. extension from bushing, 


standard 
Rated at 2 watts at 40 C. the poten- 


tiometer standard linearity is 0.5 per 
500 to 


tolerance is 


cent. Resistance 


values: from 
Standard 


howe ver, 


100.000 ohme 


» per cent; tolerances as 


low as 0.5 per cent can be obtained. 


1927 First 
Petersburg, Fla 


Reader Inquiry Service Cards 
preceding back cover 


Circuit 
Ave nue 


Circle No. § 


Instrume nt Ine 


South, St 


INDUSTRIAL THYRATRONS 
New 6.4 


igned for use with any type of load 
without the 


amp xenon thyratrons, de 
addition of 
unaflected by 


changes 


“cushion cir- 


cuits are imbient tem 


perature and may 


be operated 


in any position. They are available with 


EL C6J KL, a 
C6J /KF, socket 


three types of basing 


new lug ty pe 


less brac ket 


leads with lugs: 


mounting having flexible 
and EL C6J/K, 


ard 4-pin industrial socket base 


stand- 


Pertinent ratings include: maximum 
rated anode current-continuous, 6.4 amp 
d-c; maximum oscillograph peak anode 
current, 77 amp; 


L000 


peak forward voltage 
peak 


volts 


volts and 
1250 


(max) inverse 


(max) 


voltage Filament 


current is 21 amp; and filament voltage 
; diam- 
8 in. Am- 


extends 


2.5 volts. Dimensions of the tube 


eter, 240 in.; seated height 


bient 


temperature from 


range 
55 to 75 C. I lectrons, Inc 


Ave., Newark, N. J. 
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127 Sussex 


Cards 


POWER TRANSISTORS 


Featuring high power gain and uni 


formity of characteristics, new series of 


four power transistors offers a wide 


range of current gain and 
Eflicient 
of these units; use of 
which is bolted to the 
the heat to from 
the power transistor to the chassis, thus 


heat 


operating 


supply voltage heat dissipa- 


tion 1s a feature 


ae Opype I base, 


chassis, allows 


flow 


providing a large area of radia- 


tion 
A pair of Type 2N156 power transis- 


tors in a radio receiver can furnish 8.5 


watts of audio power output to the loud 
speaker with less than 85 milliwatts of 
drive power input 

2N155, 
the power 
p-n-p germanium- 


high 


2N156 


transis 


| \ pes 
2N158 


high powelr 


Designated 
2N157 


tors are 


alloy junction types. electrical 


characteristics include gain at 
high current levels and low saturation 
currents 

In addition to audio applications, the 
transistors are useful in servo ampli- 
fiers, power converters, and low speed 
CBS-Hytron, Div. of 


System Ine 


switching circuits 
Broadcasting 
Mass 


Circle No 


Columbia 
Danvers 


7, Reader Inquiry Service Cards 
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MIDGET 25-AMP RELAY 


Sensitive 25-amp relay, the Series 255 
is an octal plug-in hermetically sealed 


model suitable for use in aircraft, and 


mobile, marine and land-operated com 


munications networks 


Additional ap 


plications include motor starting and 


remote control operation. 


Features include a-c or d-c opera 


tion, a life of 250,000 operations mini- 
mum with full contact load of 25 amp 
at 125 resistive, or 1,000,000 


with 


volts a-« 
ope rations reduced 
load ot 


bast-ac ting | } 


min contact 


5 amp at 125 volts a-c resistive 


millisec with 2 watt 
input, d-c only) relay is said to meet 
requirements of MIL-R-5757B Class A. 
is 0.5 
volt-amp. Contact arrange- 


Minimum coil sensitivity 
d-c; and 2 


watt 
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FOR TEMPERATURE AND 
MOVEMENT CONTROL 
OF HEAVY LIQUIDS 


A a 


New double circuit control 
with thermal delay action 


The new F2 is designed especially for the control and 

movement of heavy liquids where liquid flow or agita- 

tion must begin before the liquid temperature reaches I, rw 

the point for maximum ease of liquid movement. y /\V WN 
HEATING 

With pumping of heavy fuel oil for example, pumping LOAD 


can be set to begin at 130° while the temperature of 

Robertshaw is the largest manufacturer of 
thermostats for commercial and industrial ap 
plications. For a full discussion of your specific 
or agitator cycle. needs, write today 


M Robertshaw Fultow 


MR. CONTROLS CONTROLS COMPANY 


Robertshaw Thermostat Division, Youngwood, Pennsylvania 
Robertshaw-Fulton Controls (Canada) Ltd., Toronto 


the oil continues to rise to 180° for maximum ease in 


pumping. The F2 controls both temperature and pump 


Robertshaw-Fulton Controls Company 
Youngwood, Pennsylvania 


Please send more information on your F2 j 

Also send information on a control for following 
application 

COMPANY 


ADDRESS 


city ZONE STATE 
(LARGEST MANUFACTURER OF THERMOSTATS 
FOR COMMERCIAL AND INDUSTRIAL APPLICATIONS.) 


BY 
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BALLS: 


MADE OF STEEL, 
BRASS, BRONZE, MONEL- 
METAL, STAINLESS STEEL 


“J (; 


HOOVER 


The Aristocrat of 
Bearings 


BALL BEARINGS: 


AMERICA'S ONLY 
BALL BEARING WITH 
HONED RACEWAYS 


HOOVER BALL 
AND BEARING COMPANY 


ANN ARBOR, MICHIGAN 


ment | ip to three pole double-throw 


with a maximum operating 


120 volts d-c or 375 volt 


voltage ol 
ic. Among the 


pecial features are solder lug terminals 


and special mounting construction. Kur 


man Electric Co Inve i»-18 
Long Island City, N. ¥ 
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HORIZONTAL DEFLECTION 
AMPLIFIER TUBE 


Latest addition to a line of 600-milli 


is ce si 
nated the 12DQ6 horizontal deflection 
amplifier tube Also available is 


6-volt version, the 6DO6 


alnipet ontrolled warm up tubs 


Both tube have extremely high per 


veance, permitting the design of high 


os 


AL. 
° 


" 
P 


deflection 
They mcorporate 6000-volt pulse capa 


efheiency 90-deg systems 
bility, a 15-watt dissipation rating and 
i large bulb for increased reliability 

Phe 6D06 heater is rated at 6.3 volt 
and 1.2 amp The 12D06 has a 12.6 volt 
rating at 600-milliamp with an TL sec 
warm-up time. General Electric Co 
River Rd., Schenectady 5, N.Y 
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HIGH PRESSURE, WIDE RANGE 
METERING VALVE 


Designed for metering or control sery 
ice over a wide range of flow and for 
use in high pressure hydrauli valve 
will throttle to very low rate of flow 
ind still pa 


rate Over the entire range of control 


comparatively high flow 


lable flow, the regulation or modulation 
of the flow is held to very small limits 
a valve with in. tubing ports will 
control from drops per minute to 25 
gallons per minute at 3000 psi pressure 
drop across the valve Throughout the 
entire range of operation the flow varia 
tion can be selectively varied by 2 per 
cent or less of the actual flow 

Ratio of maximum to minimum con 
trollable flow, can be provided up to 
LOO.000 >: | Operating pressure up to 


00 psi ts standard. The valve is hy 


draulically balanced and requires very 
low turning torque. A fine stem screw 
thread is included in order to eliminate 
tapping the valve handle to make fine 
adjustments 

A multiturn indicating dial handle 
can be included to permit setting ol the 
valve to a_ pre-determined position 
Repeatability and stability of the valve 
is such that repeated settings will pro- 
vide the same throttling 

Valve basic design permits inclusion 
of a small electric motor to provide a 
fully motorized modulating valve, suit 
able for remote positioning operation 
or for automatic control, This model in- 
cludes a miniature electric motor with 
integral gear reduction, limit switches, 
relays, and potentiometers for position 
indication or feedback. Motor power 
requirement ts approximately 15 watts; 
28 volt d-c or 110 volt a-c motors are 
available. A-c motors are available for 
either 60 or 400 cycles. A variety of 
integral gear ratios are available within 
the electric motor to provide a range of 
full stroke actuation time periods 
United Hydraulics, Ine., 110 Terrel 
Court, Dayton 7, Ohio 
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GLASS MICROFIBER PAPER FOR 
CLASS H INSULATION 


Useful in electrical insulation applica 
tions, l-mil thick paper made of glass 
microfibers is said to combine mechan 
ical strength with high absorbency. It 
proves especially useful where compact 
design requires space conservation. The 
glass microfibers are highly inert and 
do not break down under adverse con 
ditions. They are LOO per cent inorgani 
and have no metallic impurities. This 
vives them high insulating efficiency 
The extremely fine fibers give a 
large surface area which can be easily 
impregnated to form products free from 
voids. It impregnates readily with. sili 
cones, electrical varnishes and resins 
Paper made of the new fibers has a 
uniform thickness of | mil-——other thick 
nesses are available as desired and is 
manufactured in roll form, either sized 
or unsized. It is said to meet all re 
quirements for Class H insulation 
Uses for the new paper: slot cells 
slot cell liners, slot armor, glass base 
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UNITS SHOWN HALF-SIZE 


RELIABLE CIRCUIT 


MINIATURIZ 


NEW ASTRON ET ELECTROLYTICS 
SAVE SPACE AND WEIGHT 
.PERFECT FOR PRINTED CIRCUITRY 


Astron’s newest capacitor design 
puts miniaturization directly in your sights... now it’s 
possible to reduce overall equipment size, significantly 
without impairing quality. NewHT Electrolytics, avail 
able in industry’s widest range of values, incorporate 
Astron’s exclusive “SM”* Safety Margin Construction 
for the extra stamina to withstand surge voltages, ripple 
currents and high temperatures. 

H,ET Electrolytics offer a new de- 
signing approach whether you’re working with printed 
circuitry, miniature tubes or transistors because here’s 


Export Division Rocke International Corp , 13 


in Canada. Charlies W. Pointon, 6 Al 


*Trademark 


ATION 


a unique capacitor that matches their compactness 
Long life...dependable 85°C operation and good capac 
itance stability result from meticulously controlled 
production techniques. Surgically-clean assembly of spe 
cially etched high purity foil... “regulated” electrolyte 
formulas for long life under varying condition posi 

e hermetic sealing in metal cans for absolute environ 
mental protection 


utilize low-resistance 
terminal tab construction and exhibit exceptionally low 
current leakage over their entire operating range. Mul 
tiple production tests and 100% final inspection are your 
yuarantee against costly rejects 
for chassi pace? You'll 
full engineering and application information 
‘request Bulletin AB-22 


Dp ASTROI 


co @oR PF Oo R A ' 


255 GRANT AVENUE, EE. NEWARK. N. J 


159 





“DO-IT-YOURSELF” 


HORSEPOWER 


CENTER DISTANCE 


10 12° 


Prove the difference in 
worm gear speed reducers 
yourself. Here’s how... 


On this chart we've plotted the mechanical horsepower 
capacity of Cone-Drive worm gear speed reducers against 
their center distances. Ratings are for Class I Service with 
a 5:1 reduction and an input speed of 1750 rpm 


All you have to do is plot the corresponding ratings for 
the speed reducers you're now using or planning to use 
We think you'll be surprised at the results.* 


For details on Cone-Drive gearing’s double-enveloping 
design and specifications, ask for Bulletin 600C. We'll 
send it to you immediately without obli gation 


* If you're too busy to “‘Do-it 
yourself’, Cone-Drive rep 
resentatives will be glad to 
show you filled-in charts 


= GEAR 


hLOGwrtion Michugin /oot Compsaery 
VELOPING GEAR SETS & SPEEO REDUCERS 
DOUBLE ENVELO: 717) € MeMichels Reed + Dowel 12, Michigan 


sheet laminates, tapes, transformer 
layer insulation, and mica and glass 
paper combinations. L. O. F. Glass Fi- 


bers Co., 1810 Madison Ave., Toledo 1. 
Ohio. 
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P-N-P SILICON TRANSISTORS 
FOR HIGH-AMBIENT- 
TEMPERATURE APPLICATIONS 


P-n-p silicon transistors for high-tem- 
perature applications are junction 
types manufactured by a special fusion 
alloy process and hermetically sealed in 
metal cases having a volume of about 
0.05 cu in. At 20 mils collector current, 


saturation voltage averages 1 volt or 


less. Collector cutoff current is below 
0.2 microamp. Collector dissipation at 

> C is 50 milliwatts. Maximum re 
verse emitter voltage is 22 volts 

Both the CK790 and the CK791 are 
intended for audio and low r-f applica 
tions. Power gains in a typical audio 
amplifier are 32 db for the CK790 and 
34 db for the CK791. Current gains are 
14 and 24 times, respectively 

The CK793 is a low-noise transistor 
for low-level audio preamp circuits, 
typical units having a noise factor of 
from below 10 db to a maximum of 
15 db. Raytheon Manufacturing Co., 55 
Chapel St., Newton 58, Mass. 
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ELECTRICAL GRADE 
POLYETHYLENE RESINS 


Useful in wire and cable insulating and 
jacketing applications is the newly 
introduced Petrothene 300 series of 
electrical grade polyethylene resins. 

Melt index values for the uncom- 
pounded grades are: Petrothene Grade 
300, 0.3; Grade 301, 1.0; and Grade 
302, 2.8 

Each of these grades is also supplied 
compounded with antioxidant, with 
antioxidant and carbon black, with 
non-discoloring antioxidant, and with 
non-discoloring antioxidant and carbon 
black, as well as with other colors. 
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READER INQUIRY 


SER 


ICk CARD> 


with insulations... 
check the MINIMUM, first 


For effective product protection, only an insulation’s minimum 
rating can be trusted With BH Vinyl-Sil 8000 you yet a 
tested rating of 000 volts minimum dielectric breakdown 


S000 volt ibo the NEMA standard for Cyrack -A-1 


But that's not all, When resistance to morsture or flow 
or high and low tet Iperat or corrosion is needed 
its BH Vinyl-Sil 8000 you need. Advantages like these have 
led many manufacturers of electrical and electronic equipment 
to use this new product for their tough insulation jobs. Yet 
the price isn't premium. Even with its unique combination of 
braided Fiberglas coated with stabilized vinyl resins and those 
of the silicone pre i BH Vinyl-Sil SOOO costs no more than 
previously available eevings with tar lower rating 
You can y determine BH Vinyl-Sil 8000's ad 
Simply 


Vantayves 


im} Le ind data sheets toda Phen 


BENTLEY, ans he orilevss 


SLBévINGS 





G.E. ENGINEERED the application of a totally 
enclosed unit-cooled d-c motor as a drive for 
this giant saw. Right, motor is at back left, 
mounted with saw on movable bed. At left, saw 
blade is in front, with motor's vent opening in 
view at top right. Motor is capable of handling 


blades even larger than the blade shown. 


G-E d-c unit-cooled motor drives large 
circular saw, slices 43° aluminum ingots 


At Alcoa operated U.S. Air Force 
plant 47, General Electric’s unit-cooled 
d-c motor helps perform a gigantic oper 
ation. Motch and Merryweather’s high 
speed circular saw, largest they have 
built, is driven by the 150 hp G-E 
motor, with power supplied by a G-E 
Speed Variator. Its 84-in. saw blade can 
cut aluminum forging ingots up to 
43 in., and the saw-blade speed is 
variable from 400 to 3200 surface feet 
per minute. Because of the fine mist 
created by the blade in cutting alumi 
num, the G-E d-c unit-cooled motor was 
selected to help prevent foreign material 
from entering and harming the motor 

Compact, easy to maintain, no filters 
to clean dependable G-E  unit-cooled 
motors are available at all rated speeds. 
Where water or moisture, metal par 
ticles, dust, dirt, oily vapors, fly ash, or 
other harmful materials are present, 
this better-protected motor will effect 
real operating economies 

At left, four big features are shown: 
1. Compact, top-mounted cooling unit 
falls within length and width of main 
motor 
2. Smooth vertical plates are self 
cleaning 
3. Protective thermostat helps safe 
guard main motor in case of blower 
motor power failure 


4. Easy access to inspection opening 
no tools required. Red arrows indicate 
ventilation arrangement. Bulletin GEA- 


6091A gives complete details 


GENERAL &@ ELECTRIC 


FLBKUARY 1950 ELECTRICAL MANUFACTURING 





ae 
HIGHLIGHTS 


THREE BASIC UNITS of new Thy-mo-trol drive 
are direct-current motor, push button station, and 


panel containing electronic tubes and “brain.” 


REDUCED SIZE AND COMPLEXITY is printed circuits’ design advantage. 


Thy-mo-trol d-c motor has outstanding 
features for designers 
The new Thy-mo-trol 


standing because its components are out 
standing. The d-c motor, for instance 
( apable of great fle xibility Low 
jogging for threading or positioning is 
easily obta ned Smooth, dependable 
dynamic braking reduces the 
friction brakes to holding function only 
nagnetic materials, dy 
and low inertia permit the motor 
to respond quickly and smoothly to the 
electro Jig drilled feet 
provide umform m«¢ dimensions 


ind external 


drive is out 


speed 


use of 


bal ince, 


nic sign: changes 
inting 


onnections 


NEW “Printed-Circuit’ Thy-mo-trol” drive 
gives adjustable speed at low price 


General 


is now available in a simplified, low-price¢ 


Electric’s Thy-mo-trol drive nected without the use of wiring. All 
connections to the control circuits are of 
the simple plug-in type, making attach- 
ment and removal a simple time-saving 


hand ope ration 


; 
44 to 3 hp. For design engineers 
substantial 
size 


design, 
this 
possible in 
plexity, wiring, 
installation costs new 
The approximate 20°, reduction 
inder the line it replaces 
possible by G.E.’s simplification of the « 
entire control system, and adaptation of 
the printed control circuits into Thy-mo 
trol panels. An electrical diagram 
printed on the back of a sturdy, light 
veight plastic board. The electrical cir- st 
solder-covered 


yn pe 


means reductions are 


weight circuit com 
Operating directly from a-c power, the 
Thy-mo-trol drive includes 
tronic control panel, d-c motor, and push 
button station. The drive 1s rated at 
onstant torque the entire speed 


, which is 8 to 1 for continuous duty 


maintenance costs, and 
elec 
price 
was made new 
ove! 

range 


with 
appli itions 


higher ranges possible for special 
For information on designing this out 
nding new adjustable-speed drive into 
ir applications, see Bulletin GEA-6234., 


con *Reg. Trade mark of é ° 


uts are made of 


All 


coppel 


circuit ct ments are 


trips 


General Electric Co., Apparatus Sales Division, Sec. 668-128, Schenectady 5, N.Y. 


Please send me the following bulletins 


for immediate project 


44 Thy mo-trol 


\ for reference purposes x 


GEA.-6091A Unit oled Mot GEA 6 


CONSULT YOUR SWEET'S PRODUCT DESIGN FILE 


thing electric for machinery manufacturers in the General Electric Section 


You'll find every 


NAME COMP ANY 


city STATE 





Designer’ 
Digest 


G-E Packaged Speed Variator 
Lowers Production Costs 


REDUCED PRODUCTION COST per unit 
machined is provided by the G-E Speed 
Variator, a packaged adjustable speed 
d-c drive operating from a-c power Sup 
plying constant surface-cutting speeds, 
quick acceleration, deceleration and re 
versals, the Speed Variator assures better 
quality control, increased production and 
longer tool life. When combined with 
tracer control, it provides the wide versa- 


tility required for automatic processes 


FOR EASY, LOW-COST INSTALLATION, 
the Speed Variator comes to you com- 
pletely tested and packaged for your 
application. Power unit requires no spe- 
cal foundation and may be place din any 


convenient location. After simple con- 


nections are made between the Speed 


Variator, operator's control and motor, 


the drive is ready for operation ACCURATE SPEED CONTROL provided by G-E Speed Variator helps boost output, reduce costs 


when powering high-speed saws (above), lathes, boring mills and many other machine tools 
FOR COMPLETE DETAILS on how the 
Speed Variator and adjustable speed can 


Electrically operated air circuit 
help your ope! ition, contact your Gen breaker 


s provides better protection 
eral Electric Apparatus Sales Office. y for a-c motor of m-g set. 
Direct Current Motor and Generator 
Department, General Electric Company, ‘ 
Erie, Pennsylvania. nae Standard, stocked control compo- 
nents utilized throughout for quick 
maintenance 
Strong, rigid steel cabinet is pres- 
surized to help keep dirt and dust 
from controls and m-g set 
All devices identified for quick, easy 
recognition 


D-c overload protection. 


Motor-generator set is of strong con- 
struction and alignment is precise. 
When installed, m-g set is better 
protected in steel cabinet 


he 2 at py pa 
a fae is 
Ce . a Large fan within enclosure forces 
; filtered air over m-g set and controls 


for proper cooling 
Separate belt-driven exciter has large hand- 


holes for quick brush inspection and easy 
maintenance 


“E’ SIZE SPEED VARIATOR SHOWN WITH M-G SET ENCLOSURE REMOVED. 


GENERAL @@ ELECTRIC 
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The 300 and 301 uncompounded 
material, can also be used for other 
applications requiring very high mo- 
lecular weight material, and requiring 
high toughness and resistance to en- 
vironmental stress cracking U.S 
Industrial Chemicals Co Div. of 
National Distillers Products Corp., 99 
Park Ave., New York 16, N.Y 
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48-FRAME MOTOR LINE 


New 40 to 4% hp 48-frame motor line 
has such advantages as high-pressure 
cast aluminum end brackets, an inte 
grally cast, cluster-type aluminum fan 
Use is made of a square stator iron 


allowing space for a strong blast of 


cooling air to pass between the frame 


and the core, thus cooling the whole 
core width. 


Ihe standard frame is said to be com 


pletely drip-proof Fotally enclosed, 


unit heater, permanent split capacitor 
types and others are available in both 
rigid and cushion base. Century Electric 
Co., 1806 Pine St., St. Louis 1, Mo 
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SHAFT LOCK FOR USE WITH 
SCREW DRIVER-ADJUSTED 
CONTROLS 


Shaft locking device, deve loped for use 
with screwdriver-adjusted controls such 
as potentiometers, is designed to pre 
vent control misalignment due to vibra 


tion, shock or accide ntal contact The 


lock, which also serves as a seal against 
dirt and moisture, consists of a single 
piece of molded nylon containing 


molded-in, threaded brass insert. It 


a 
is 
mounted on the control bushing in place 
of the standard hex nut and washer. 

A nylon collar fits snugly around the 
control shaft, providing a friction drag 


which prevents accidental movement 


READER INQUIRY SERVICE CARDS, PRECEDING 
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for Teflon” on wire 


From advanced know-how and industrial chemistry . . . came 
“Teflon.” Through unique applications of “Teflon” on 
wire and cable Hitemp Wires, Inc. has opened new 
horizons for the electronic and electrical industries. 


With “Teflon” insulated wire, tubing, multi-conductor 
cables, lacing cord, tape and sewing thread, miniaturized 
electronic and electrical components are now possible... 
with the amazing working temperature range of — 70°C. to + 260°C. 


“Teflon” insulated products offer this unexcelled combination 
of properties: low loss factor, low dielectric constant, 
high volume resistivity, nonflammable, low coefficient 
of friction, unaffected by moisture, tough... yet 
flexible, and completely inert to all known commercial solvents. 


For better products . . . for lower production costs, call the 
leading specialist in high temperature insulations .. . your 
nearest Hitemp Wire, Inc. sales engineer, 


HITEMP WIRES,INC. 


: _ 26 WINDSOR AVE., MINEOLA, NEW YORK 
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IS, AULOYS | 


What looms 
ahead on 


When 
specifications 
rot Ti Meio) a 


RESISTANCE ALLOYS 


ea eet Lh 


me 


For Wilbur B. Driver engineers are resis 
tance alloy specialists. Over the last 25 
years, the laboratories and production 
divisions have encountered, and solved 
many unusual and difficult applications 
involving the use of electrical, elec 
Tee ratl 


ties 


mechanical and chemical alloys 
Teele available to 
assist you in working out your designs 


experience i$ 


and specifications 
Wilbur B 


assistance on special alloys, today! 


Why not contact a 


Driver sales engineer for 


WIRE, ROD, RIBBON and STRIP 


All forms of resistance alloys available 
for all applications in the electrical and 
Teme CMTE LO Pm COM 1b 
cations including enamel, cotton, silk, 
nylon and glass 


ELECTRICAI 
BALLASTS 

ELECTRIC FURNA 
ELECTRIC RANGE 


Specialists in 


-\PRECISION | 


GLASS-TO-METAL 


NUCLEONICS 


APPLIANCES 
CES RES| 
ELECTRON TUBES 


HIGH TEMPERATURE 
AIRBORNE EQUIPMENT 


Alloys of Proven 
Performance for — 


POTENTIOMETERS 
RADIANT HEATERS 

TORS 

S RHEOSTATS 

SENSING BULBS 

SOLDER GUNS 
SOLDERING IRONS 

HIGH AND LOW TEM 
PERATURE COEFFICIENTS 


SEALS 


Wilbur B. Driver Co. 


NEWARK 4, NEW 


For Over A Quarter Century Mar 


Electrical, Electror Chemical 


ifacturers 


JERSEY 


of Dependablie 


and Mechanical Alloys 


but which permits accurate adjustment 


by the operator. Sealing is accom- 
plished by this collar and by a molded 
lip around the circumference of the 
base which is compressed against the 
The Shaft 
use with both ly 
shafts. Raytheon 
190 Willow St 


Circle No 


panel Lock is available for 


and Vy in. control 
Manufacturing Co., 


Waltham 54, Mass 
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SWITCH PROVIDES SIX- 
CIRCUIT CONTROL IN SMALL 
PACKAGE 


Snap-action switch gives precision con 
trol of six circuits simultaneously by a 
single actuation. The triple-pole switch 
Model K3-4 


the current flow through two windings 
ot a 


can simultaneously reverse 


}-phase motor rated up to | hp 


also useful in other multi-switch 
x arrangements 

The instantaneous snap-action of the 
totally 


actuation 


three poles is independent of 


the speed of making it suit 


able for use where even extremely slow 


used. A 
standard actuators are 
Electrical 


volts “ae 


moving cams are large selec 


tion of available 
rating: 15 amp at 125-250 
40 volts d-c resis- 
Switch & Mig. Co.. 
Chicago 24, Il 
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15 amp at 
live Klectro-Snap 
12218 W. Lake St 
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TWO-TERMINAL SUBMINIA- 
TURE INDICATOR LIGHTS 


Small fully insulated two-terminal in 


dicator of available 


1.6600 is a 


warning lights are 


in two basic styles Series 


ubminiature design 


l in 


measuring only 


long \ il diam series 








IT WILL SAVE YOU 
eC a 


ADD “CROSSBAR” 


TO YOUR AUTOMATION 
VOCABULARY 


crossbar 


most 


The 
economic al 
is of relay 


means 


hundre 
tions for 
trol, compuling, 


tial sam} ling 
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-_ 
poor 


Lhe basi Cro s| 
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switching 
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switch can easily 
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Postage 
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modern, compact, 
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practi ally any 
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many 45 


No 
Postage Stamp 
Necessary 
If Mailed in the 
United States 


BUSINESS REPLY CARD 


First Class Permit No. 3677 


Sec 


349, PLaOaR., 


Chicago, til 





KELLOGG SWITCHBOARD & SUPPLY CO. 


79 W. Monroe Street 


Attention 


Mr. 8. KH. Williamson 








CHICAGO 3, ILLINOIS 


Fe years of know-how gives you complete service data 
f (esigns that cut costs in production 





4 





~ 









Pen 


KELLOGG 


Switchboard & Supply Co 
Industrial Sales Dept 


A Division of International Telephone & Telegraph Corp 


Please send me the booklet on Kellogg Crossbar 


Please send me the booklet on Kellogg Relays 


NAME 


= oe 


ADDRESS 


city ZONE STATE 








L-3200 is a slightly larger version 
"so in. long x Y% in. diam with a 
built-in “Press-to-Test” circuit for 
ultracritical warning-light applications 
The lamp circuit is fully insulated from 
the case in both types 
Miniature AN-3140 lamps are 
mounted deep inside a long plastics 
lens. Inside bevelling of the lens serves 
2: a to “pipe” the light throughout the en 
lire periphery, assuring maximum Visi 
bility from all angles. The heavy lens 
s over eo in long so the lights may 
be used equally well with either 
tandard or edge lit panels Hethering 
ton Ine 1200 Elmwood Ave., Sharon 
Hill, Pa 
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TED. BOX PLANT 


Ber. 


~*~ 


PUSHBUTTON ACTUATORS 
FOR SNAP-ACTION SWITCHES 
Pushbutton actuators for snap-action 
switches, designated — the IMA and 
: F »MA Series, are useful in’ electrical 


computers and similar devices. Only a 






plastics pushbutton and a smooth clear SALES OFFICES 


inodized bushing are exposed above Nan Sibel. ce ott 


a | “a SHIPPING 


Taeace 


ERSTRO 


CONTAINERS 





cusses ae mneleche he 1 





le 8 y 


the mounting surface. Buttons of both 


a century of 

and l-in. diam are available in a experience behind 
choice of red, green or black. the 

Many 


different types of manufa 


ee ee SUPERSTRONG 


sealed switches, high capacity types 


double-pole double-throw models, and sym bol 


magnetic blow-out switches The a 





tuator can be mounted through panels ~rY . > “ . ° 
1 1: SUPERSTRONG stands for timber reserves...saw mills 
6 to Vy-in. thick. Minneapolis-Honey 





well Regulator Co.. Micro Switeh Div., 
| reeport, I} 


a plants... sales offices in many cities. This ownership and 
preceding back cover 


...veneer mills...wirebound, wooden and corrugated box 


control of all materials and facilities — plus the tested 


experience and reliability of ONE HUNDRED YEARS 





— assure you of an ample supply of accurately designed 


a SOCKET FOR PRINTED and correctly 1 nufactured shi ing tai : at all 
* CIRCUIT USE anc r sctly ma ac ed shipping containers at a 


times. Be sure... specify SUPERSTRONG. 


Offering positive locking action and ex 
cellent heat dissipation, a socket for 


printed-circuit applications uses bullet 


q nose te vals for quick loeation and om 
B: ae _ ee — RATHBORNE, HAIR AND RIDGWAY BOX CO 
sm prevent the socket from loosening under 1440 WEST ist PLACE « CHICAGO 8, ILLINOIS 

3 bration or handling Designated the 
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Speed Production 
Slash Testing lime 


TOMATIC 
BLE CHECKER 


New easy-to-use, the 

Link 209 Cable Checker cuts 
testing time in half and gives 
surer, quicker circuit checking 
AUTOMATICALLY. It is ideal for 
inspection, production, quality 
control and the engineering 
laboratory 


Inexpensive to buy and operate 
the Link 209 installs quickly at 
any point in the plant or in the 
field to give instant, positive 
low-cost checking of 
Continuity between connectors 
Shorts between any wire 
and the shell 
Shorts between wires of 
the cable 
Continuity and shorts in 
cables that use a connector 
and terminal strips, lugs 
or unstripped wires 


~ 


& 
eo 


Find out all about the Link 209; 
how it will help you check 
circuits faster—at less cost 
Write today to Dept. EM for full 
information 


BINGHAMTON. 


NEW YORK 


Automaton the socket s 


nals provide excellent contact with cop 


round termi 


per foil on the entire circumference of 
the chassis hole. The opening between 
the socket and chassis makes possible 
Sockets are 
ivallable with seven or nine pins, and 
tube shield clip. Industrial Hardware 
Manufacturing Co.. Ine 109 Prince St 
New York 12, N. ¥ 


c 


excellent heat dissipation 
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PACKAGED MIDGET D-C 
POWER PACKS 


Designed to be wired into cireuits much 


thie ithe 


(Pac 


tandard power transtorm 
miniaturized  d-« power 
\ upply d-e to filaments, relay 


uum-tube plate ecireuit and devices 


requiring de range te 4350 
volts and 0.5 to 85 amp 

Model 3150, illustrated, operates on 
115 volts a-e, 60 eveles, single 


» volts d-« 


phase 


” 
’ 


and furnishes 2% at 1.0 amp 


with a maximum rms ripple of | per 
cent. Voltage regulation from ‘40 load 
to full load is approximately 13) per 
cent. Ratings are for continuous duty 
at 35 C ambient. When a variable volt 
age transformer is connected between 
the a-c power line and the input tet 


minals of the Model 3150, the unit may 


give exploration 


flexibility 


... from the air 
...0n the ground 
... Under the sea 


Modern science has given oil exploration 
operations a global scope. Probing for oil 
under mountains, deserts, oceans and 
jungles demands flexibility of equipment 
Such flexibility is inherent in Cannon's 
vast line of electric connectors... the 


world’s largest and most versatile line 


FOR AERIAL EXPLORATION 


For aerial exploration with 
magnetometers and “flying 
laboratories’ Cannon's K 
Series provides 3 basic shell 
designs 1 to 82 contacts and 
204 contact layouts. De- 
Signed for aircraft uses, 
particularly on sensitive elec- 
tronic equipment, Cannon's 
K Series play a vital role in 
the success of aerial oil ex 
ploration activities 


FOR SURFACE EXPLORATION 


For surface exploration over 
all kinds of terrain and in all 
kinds of weather, Cannon's 
XK Series provides the re- 
quired flexibility for seis- 
mometers, amplifiers and dy- 
namic recording equipment 
With strong zinc or steel 
shells, moisture resistant 
insulation and special Acme 
thread coupling, the XK 
Series is well adapted to 
geophysical exploration 


FOR UNDERWATER EXPLORATION 
Z For handling seismographic 

a circuits under water, 

ft Cannon's W Series offers 4 
shell designs, from 1 to 52 
contacts and 53 layout varia- 
tions. Featuring heavy brass 
shells, and special sealing 
rings, Cannon's Waterproof 
Connectors perform without 
fail under the most rugged 
service conditions. 


CANNON ELECTRIC 
@cz 
Since 1915 (im 


oD ie) 
eas 


Refer to Dept. 500 


CANNON ELECTRIC COMPANY, 3209 Humboldt St 
Los Angeles, Calif.. Factories in Los Angeles; East 
Haven: Toronto, Canada; London, Eng. Repre 
sentatives and distributors in all principal cities 
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can make your 
small precision metal parts 
\ faster, better and for less 
than you can make them 


or buy them elsewhere 


; \ . ; 
NNI/AY | 


aS eS ae 


These are typical of parts that Torrington produces daily by 
the hundreds or millions. If you use similar small precision 
parts, mail the coupon today for the Torrington Small 
Precision Parts condensed catalog. Even better, send a sketch, 
blueprint or sample part. We will give you a prompt 


quotation which will mean substantial savings to you. 


exee 
epsuscssnscenssccse® , 
TO! MPAN 
5 THE TORRINGTO 3 CO 
pecialties Division alias — 
ees i Precision 
| Please send the Torrington Sma 
Parts condensed catalog . 
gman ca 
(0.9 B Please have 4 sale 
—J oe 


cm 
r *% \ THE TORRINGTON COMPANY f 
Fe <} Specialties Division 


401 Field Street, Torrington, Conn. 


¢ Name 
S Title 
BS Company 
\ \ ; silat 
eS Adares® 
TORRINGTON ////// METAL PARTS | : 
——__ a 
me 
e 


| 


> e- 


Zone-—— State 
: City —— 
Makers of Torrington Needle Bearings 


gene 
assess 
cpusanenecnnseesceee® 

one 
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@& DYNAPRENE? 


<we> Beebe Coad 


IS MADE 10 LAST 


DYNAPRENE is a super-quality, neo 
prene-jacketed flexible cord designed 
specifically to provide the greatest re 
sistance to impact and flexing — those 


twin menaces to cord life. 


DYNAPRENE is cured by the continuous 
vulcanizing process which assures a 
cord uniformly cured, free from de 
formation, and with accurately cen 


tered conductors 


DYNAPRENE is resistant to oil, mois- 
ture, gas and acid fumes and with- 
stands the usually destructive effects of 
sunlight and aging. It wears longer 
because it is tough and far exceeds 
the Underwriters’ minimum require- 


ments for Types SO, SJO and SV neo- 


prene-jacketed style cordage. 


DYNAPRENE, a cord of the highest 
quality, can be depended upon to de- 
liver power where and whenever it is 


needed. 


Built Wires Since 


1899 


<> WHITNEY BLAKE COMPANY 


New Haven 14, Connecticut 


be converted to a continuously variable 
power supply with an extended range 
from zero to 34 volts. 

Model 3150 occupies only 44 in. x 
9¢. in. of chassis space. Input and out- 
put connections are made to solder 
hook terminals in compression-type mul- 
tiple headers. Housing mounts flush to 
the chassis by means of four screws 
Opad Electric Co., 69 Murray St., New 
York, N. Y 
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FHP MOTOR-GENERATOR SETS 


Fractional-horse power motor-generator 
sets, available in frame sizes 44, 66 and 
74, may be used as a power supply for 
product testing in laboratories, as a 
power supply for variable-speed motors 
and as self-contained exciters of larger 
units 

Continuous operation at rated load 
is made possible by a ventilating system 
incorporating a fan on the shaft be 


tween the units. Air enters through side 


vents, passes over both units, and is 
exhausted through the bottom of the 
set. Both motor and tenerator rotors 
are mounted on a common shaft, thus 
eliminating problems of shaft align- 
ment. 

Designated Type LB, the compound 
wound units are of drip-proof, ball 
bearing, solid base design. They are 
available in various input combinations 
of standard frequencies, voltages, and 
phases, and with 250, 500 and 750-watt 
d-c outputs. General Electric Co. 1 
River Rd., Schenectady 5, N.Y 
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CLIP-IN SELENIUM RECTIFIER 


Selenium rectifiers equipped with a 
new spring steel, snap-action mount 
permit greatly increased ease of as 
sembly. The mount makes it possible 
to remove the new rectifier from radio 
or other electronic equipment without 
unbolting the chassis from the cabinet 

The rectifier can be inserted or re 
moved instantly from the accessible 


side of the chassis. Terminals may be 
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LONGER LIFE...NO COIL BiaaWwOuUT 


“" SPEED KIN 


The valve that like Ee compared 


PRESSURE 
RANGES 


le Solenoid 
internal 
pilot supply) 
Single Solenoid within 1.00” 


externol Hg absolute 
pilot supply) 


Double Solenoid 
(external . Hg absolute 
Single pilot supply) 
solenoid Speed 
King shown. Single 
and double solenoid 
types in %, Ye, “2, Ya and 
1” pipe sizes with foot or 
sub -base mounting. 
All air valves bubble- 
tested under water. 
*Woter pressure 
range 50-125 psi 


Write for 
free copy of 
Bulletin A-12 


Compare the Speed King—by Valvair with any valve 
Check its design, feat jres, aterials of cor struction 


and workmanship 


Be critical check performance For that’s where the 


eT i Speed King really scores. Up to 600 cycles per minute 


And users report Speed Kings are still delivering satisfactory 
ASTE Show 


performance after 20 million cycles What's more 
Chicago Speed Kings are guaranteed against coil burnout 
International for the life of the valve 


A 
mphitheater, No matter what your requirements in air, hydraulic or 


- vacuum control valves compare and Ou I $ necify 
3 y F 


Speed Kings — by Valvair They perform better longer 
Space No. 130 


Futhermore, immediate deliveries can be made from stock 


Valvair Corporation, 454 Morgan Avenue, Akror 11, Ohio 





Ik New for You / 


Panel Mount 
Push Button Switch 


ACTUAL SIZE 


Model *Dp”’ ACRO micro-switch 


A PRECISION SNAP ACTION SWITCH IN 
CONVENTIONAL PUSH BUTTON STYLE 


Precision switches come in all shapes and sizes. Here’s 
an important new one by Acro that rounds out the 
line. Its compact dimensions conserve space behind 
the panel. And installation is a cinch since round 
holes are easiest to cut. 

This little switch packs a big wallop! It’s rated at 
12 amps, 125 volts, !) hp Underwriters’ listed. 
Mechanically, there’s up to *\, inch overtravel. Three 
types of terminals are available screw, solder or 
quick disconnect. 


Write for Data Sheet D-] 


ACRO SWITCH DIVISION 


COLUMBUS 16, OHIO 


Plants at Columbus and Hillsboro, Ohio 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 


( ony 
) Joh 
) A 


used for both soldered and solderless 
connections. The mount is self-adjust- 
ing for all standard panel thicknesses. 

The mount is assembled to the recti- 
fier center stud or bolt as an integral 
part of the assembly. It is so con- 
structed that when the rectifier is 
snapped into two parallel slots in the 
chassis, the chassis wall is gripped be- 
tween two barbs and two curved 
counter springs of the mount. A rigidly 
locked, wobble-free mounting results. 
The rectifier can be released by press- 
ing in the sides of the mount. The new 
mount can be adapted to rectifiers 
rated from 25 to 195 volts a-c and from 
65 to 750 milliamp d-c. Components 
Div., Federal Telephone & Radio Co., 
100 Kingsland Rd., Clifton, N.J 
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MOTOR-DRIVEN 
INTERRUPTER FOR 
AUTOMATIC CONTROL 


Now available for use in automatically 
controlled equipment and other units 
is the Type BC motor-driven interrupter, 
which can be obtained in two models: 
one contains from one to six circuits; 
the other, from seven to sixteen circuits. 

The drive motor is manufacturer's 25 
size with internal gear reducer, totally 
enclosed. The standard 115-volt, 60- 


evcle unit consumes 10 watts. Windings 
for other voltages and frequencies are 
available. Sealed ball bearings are used. 
Many output shaft speeds are available, 
including 1, 2, 6, 7, 5, 10, and 15 rpm 

Ihe cam shaft is made of stainless 
steel to prevent rusting and corrosion. 
Machined nylon cams are used; guar- 
anteed accuracy for any point on any 
one cam is 1.5 deg. Guaranteed ac- 
curacy between points on any two cams 
is +2.25 deg. Cams are keyed to the 
shaft. Seven types of telephone style 
spring pile-ups are available 

Nylon pile-up followers are used for 
nylon-to-nylon contact with the cams. 


This arrangement requires no mainte- 
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heat regulator body shown about 3 times actual size 


a VALE powdered metal part... 
the millionth will be as accurate as the first 


A large part, as powdered metal parts go. Difficult to produce in 
quantity to the accurate tolerances necessary Helps run one ol 
America’s best-known automobiles 


The auto manufacturer chose YALE to produce this part only 
after the most careful consideration of what we had to offer 


Hle knew that powdered metal parts cost far less than cast and 
machined parts but that wasn’t enough. It was vital that thi aving 
in cost be accomplished with no sacrifice in quality So he chose 


YALE Powdermet* parts 


He had to be sure the millionth part would be as accurate as the 
first. That we could give him delivery on schedule Imaginative 
engineering. Large-scale production facilities. More reasons why he 
chose YALK:. And then there was the most lmportant tact the one 
he’d known from the very beginning 


He knew he could depend on YALE. And he knows that 
too We're ii> close ais youl t¢ l phone when ver you ad 
about it 


powdered 
metal parts 


YALE & TOWNE 


like 
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‘CLEVELITE 


The ‘‘Quality’’ Name for PHENOLIC TUBING 


To make your product better . . . and at lower costs 
specify CLEVELITE! 


High performance factors, uniformity and inherent abil- 
ity to hold close tolerances, make Clevelite outstanding 
for coil forms, collars, bushings, spacers and cores. 


Wherever high dielectric strength, low moisture ab- 


sorption, mechanical strength and low loss are of prime 


importance .. . the combined electrical and physical prop- 
erties of Clevelite are essential. 


Fast, dependable deliveries at all times! 
Why pay more? For good quality .. . call CLEVELAND! 


Reg. U. S. Pat. Off 


CLEVELAND CONTAINER 


COMPANY 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 
PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT + MEMPHIS + PLYMOUTH, WIS. » OGDENSBURG, NY. + JAMESBURG, WJ. + LOS ANGELES 


ABRASIVE DIVISION ot CLEVELAND, OHIO 


Cleveland Centeiner Cenede, Lid., Prescott and Terente, Ont 


Representatives: 
WEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE, EAST ORANGE, WN.) 
WEW ENGLAND R. S. PETTIGREW & CO. 62 LA SALLE RD, WEST HARTFORD, CONN 
CHICAGO AREA PLASTIC TUBING SALES, 5215 WN. RAVENSWOOD AVE., CHICACO 
WLST COAST IRV. M. COCHRANE CO. 40% S. ALVARADO ST. LOS ANGELES 


nance or lubrication. The ends of the 
spring of the pile-ups—to which ex- 
ternal connections are made — are 
tinned for %4¢ in. Contacts are made of 
platinum-iridium alloy. Contact rating 
for 115 volts a-c is 2 amp, resistive load. 
National Pneumatic Co., Inc., Holtze: 
Cabot Divs., 125 Amory St., Boston 19 


Mass. 


Circle No. 23, Reader Inquiry Service Cards 
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TRANSMISSION HAS 
360 HP CAPACITY 


Featuring two speed changes (over- 
drive or reduction) and neutral, trans- 
mission has a capacity of 360 hp at 


1800 rpm input and a maximum reduc- 


tion of 7.75:1. Designated Model 9400 
its torque rating is 12,600 Ib-in. input 
Input and output shafts may be located 
on the same or opposite sides 

All gears and shafts are of alloy 
steel and heat-treated. Shafts revolve 
on anti-friction bearings and a case is 
provided to hold lubricant. Shifts are 
obtained through conveniently located 
shifting lever. Weight, approximately 
600 |b. Western Manufacturing Co 
3400 Scotten Ave., Detroit 10, Mich 
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SILICON POWER TRANSISTORS 


Now commercially available is a silicon 
power transistor, Type 970, with a power 
dissipation of 8.75 watts maximum at 
25 C, 3.5 watts max at 100 C. Power 


gain at 100 © ranges trom 28 db at | 


watt output, Class A operation, to 18 
db at 2.5 watts output, Class B opera 
tion 

Type 970 is suited for the output 
stages of servo amplifiers, among other 


uses. The transistor weighs less than 





A Transformer becomes a precision device 
with Allegheny Magnetic Materials in the core 


*% ALLEGHENY SILICON STEEL 
*% ALLEGHENY 50 
*% ALLEGHENY MUMETAL 


The operation of a transformer is no oriented silicon steel), and a wide 
betrer than the magnetic core around election of special high-permeability 
which icis buile. With Allegheny mag alloy uch as Allegheny 4750, 

netic materials in the core, you get the Mumoetal, ete 
best- uniformly and consistently In addition, Our service on mag 
Sure there are reasons why! For netic materials includes complete 
one thing, there's the long experience lamination fabrication and heat treat 
of a pioneer in development and ment facilities. What's more, this 

' 

“TRANSFORMER LAMINATIONS” quality control of electrical alloy extensive experience in Our Own lam 
But most important, the A-L line nation stamping department 1s a 
ofters complete CoVveraye ot any re pDonu value tor all users of A L 


quirement you may have, any service electrical sheets or Strip @leru Ip 


84 pages of valuable technical data 


on standard and custom-made lam 1 1 
specification. It includes all grades of ply your needs. Allegheny Ludlum 
inations from all grades of Allegheny ‘ : 


Ludlum magnetic core materials silicon steel sheets or coil seriy LS Steel Corporation, Oliver Bldg., 
GQ 4 é ~ d a > o 
F \ All ‘ lecrre y 2 , »? 2 
Prepared from carefully checked and well as Allegheny Silectron (grain Pittsburgh 22, Pa. 
certified laboratory and service tests 


includes standard dimensions, 
ao fi Sepa STEELMAKERS to the Electrical Industry 


: 
ne For THE | 
ADDRESS DEPT. EM-74 Al legheny Lud lum ELECTRONIC Ace ) 





here’s engineering data 
on Sprayed Metals 
in electrical and 


electronic Pr Tt tal 


A Metallized zinc provides 
low-cost, efficient 
shielding for component 
of Dictaphone dictating 
machine 


A Metallized copper on ceramic 
base re tors permits 
soldering of pigtails. Photo 


irtesy Friez Instrument 


on,Bencix Aviation Corp 


this cast iron x-ray hou 
protects operator from radiatior 
Any thickness can be applied 
Photo courtesy Metal Spraying 
Corp., Milwaukee, Wi 


Modern metallizing —sprayed metal—has found many appli 


cations in the production of electrical and electronic equip 
ment. Originally metallizing was used to provide a soldering 
base on non-metallic materials in components such as resis 


tors, capacitors and meter faces. Today, its use has spread to 


applications in shielding, the production of other types of 
electrically reflective surfaces and in the replacement of wired 
circuit FREE 


We have prepared a bulletin which illustrate and 
describes a wide range of these application It also 
provides engineering data on bond strength on metal 
le and non-metallic materials, conductivity charac 
teristics, permissible coating thicknesses, circuit tests 
as well as a description of surface preparation and 
spraying method \ copy of Bulletin 120 “Sprayed 


Metal Coatings,” will be sent on request without charge 


Vetallizing Engineering Co., Inc. 


Westbury, L. I., N. Y. ¢ Great Britain: Chobham near Woking 
SHSSSSRESERSREEEEEEEEEEEEEEEEEEEEHREEEHLAEEAZEE 
1113 Prospect Avenue 
Westbury, Long Island, New York 


Please send me Bulletin 120 

















‘4 oz complete and is hermetically 
sealed in a disk approximately '% in 
in diam x '% in. high. The mounting 
plate “heat sink” extends outward from 
the transistor itself to cover an area 
of about %4 in. x | The transistor is 
a grown junction, n-p-n type. Texas 
Instruments, Inc., 6000 Lemmon Ave 
Dallas 9, Tex 
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SUBMINIATURE RATE 
GYROSCOPE 


Precision subminiature rate gyroscopes 
are | in. in diam, 2!, in. long and 
we ghi only 4 oz Spring restrained, the 
gyros are suitable for a range of control 
applications. Hermetically sealed, they 
will withstand extremes of shock, vibra 
tion and temperature fluctuation. Rate 


range ts from 10 to 500 deg per sec 


natural frequency, 8 » TS eps (Cun 
damped } depending on rate range 
Available are precision potentiometer 
pick-offs for d-c. or inductance pick-off 
such as variable transformers or syn 
chros lor a-c. Gyro motion is) sup 
plied ob LOO-cvele hysteresis svn 
chronous motors for 6, 12. or 26 volt 
}-. 2-. or 3-phase operation B. Rea 
Co 1423 Cloverfield Bly 

Monica. Calif 
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HIGH-TEMPERATURE 
METALLIZED ALUMINA 
CERAMIC TERMINALS 


High-strength, high-temperature met 
allized hermetic terminals of alumina 
ceramic have been added to the AISi 
Mag line These terminals may be 


installed by silver solde ring at tempera 


awe ote 
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FIXED COMPOSITION RESISTORS IN FOUR SIZES 
All rated at 7OC — not 40C 


There is an EXTRA MARGIN OF SAFETY in Allen-Bradley and Type TR—1|/10th watt, in standard RETMA values 
molded fixed resistors, because they are rated at 70C from 10 ohms to 22 megohms. Their close dimension 
ambient temperature .. . not at 40C. These resistors can tolerances are an outstanding advantage when used in 
withstand extremes of temperature, pressure, and humid- 
ity without deterioration. They require no impregnation to Sip ceoliiatenn. hese sete mek wk Gah, ae 
pass salt-water immersion tests Allen-Bradley. Of course, they are also ‘‘the best'’ for all 

Allen-Bradley fixed resistors are available in 4 sizes. uses and they cost no more than ordinary resistors 
Type HB—2 watt; Type GB—1 watt; Type EB—1/2 watt; Send for Allen-Bradley resistor data 


automatic assembly lines. The color coding does not chip 


Allen-Bradley Resistors Are Packaged in Cartons and on Reels 


Allen-Bradley fixed resistors are fur 
nished, as standard, in patented car 
tons. They con also be supplied 
in reels for automatic assembling 
equipment 

The resistors are aligned on a nar 
row, pressure sensitive tope and 
wound on oa fiberboord reel with o 
9/\6-inch mandrel. A lateral pull on 
the resistor leads detaches the units 
from the tape 

Reels contain from 1,000 to 2,500 
units per reel, depending upon the 
size of the resistor if automatic 
assembling is one of your problems, 
it may poy you to investigate the reel 
packaging of A-B QUALITY resistors 


Allen-Bradley resistor patented cartons 
have corrugated strips which hold the 
resistors in an upright position which pre 
vents bending or tangling of leads 


Allen-Bradley Co 
1309 S. First St., Milwaukee 4, Wis 4 Allen-Bradley resistors 


on fiberboard reel for 
in Canado—Allen-Bradiey Canada ltd. “@ — ” pores » 
be automatic assemb! ng 

Galt, Ont 


nia, = 


1,000 to 2,500 units 
RADIO, ELECTRONIC AND TELEVISION COMPONENTS 
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ELECTROMECHANICAL ASSEMBLIES 


FOR MILITARY AND 
Bowmar Instrument specializes in the design INDUSTRIAL CONTROL 
and production of custom electromechanical DEVICES AND SYSTEMS 


equipment for modern control systems. Ex- 
perience ranges from the creation of single units to quantities of 10,000 
or more. When you need unsurpassed precision, performance and reli- 


ability in such devices, send your requirements to Bowmar. 


SEND NOW FOR ‘PRECISION ELECTROMECHANICAL COMPONENTS’ 


Catalog We 2400 


Mirs of Precision Speed Reducers, Gear Heads, Custom Electromechanical 


Assemblies, Mechanical Counters, and Servomechanisms 


LOWER COSTS 


IN THE 


SHORT RUNS 


WITH 


PRE-TOOLED rotor and stator LAMINATIONS 


You can cut development costs on rotating 


electrical gear with Lameo’s help. 


Thousands of interchangeable dies permit limitless combina 
tions to produce almost any pattern quickly, and without 
special tooling costs. In addition to the facilities of Europe's 
largest makers of electrical stampings, our own rich experi 
ence in the engineering and production of electric motors is 


at your service 


ij alternatively on 


A Catalog will be ready about | March 1956 


300 Main Street 
Stamford, Conn 


Fireside 8-7013 


tures up to 750 C (1382 F). Copper 
brazed terminals are also available for 
still higher temperature applications 

The excellent characteristics of AlSi 
Mag 576 and AlSiMag 614, in combina- 
tion with high temperature metalizing 
techniques, offer such advantages as 
ultra-low-loss ceramic with an improved 
glaze of superior surface resistivity; 
permanent, leak-tight bonding; and 
higher tensile and impact strengths 

\ standard line is available from 
stock in AlSiMag 576. Custom parts 
are in volume production. A wide choice 
is offered, both in metals and in 
ceramics, in appropriate design con 
figurations. Metalized parts for low 
temperature applic ations can also be 
supplied. American Lava Corp., Chero 
kee Blvd. & Mfgrs. Rd., Chattanooga 
5, Tenn 
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PRECISION MINIATURE 
ALTITUDE SWITCH 


Lightweight miniature pressure switch 
actuates on very small changes in alti 
tude and can be set to operate any- 
where in the 2,000 to 50,000 ft range 


with an accuracy of better than 2. pet 
cent of range setting 

The SPTD switch is rated at 10 amp 
a-c or d-e and will withstand high tem 
peratures, shock and vibration. It may 
he obtained as an absolute ambient or 
absolute or differential pressure switch 
with standard fittings. Aero Mechan 
isms, Inc., Dept. EM-6, Box 34628, Los 
Angeles, Calif 
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PRINTED-CIRCUIT LAMINATES 
WITH HIGH BOND STRENGTH 


New line of copper clad laminates for 
printed circuits, the HP series, uses a 
new bonding process which is said to 
increase bond strength (12 to 15 Ib) 
and produce higher dip solder tempera 
ture resistance (30 sec at 500 F.) The 
HP series is also said to speed up oper 
ations, provides cleaner soldered joints 


and minimizes bridging in the printed 
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c/R SEAL BACKS UP EXTRA BRAKING POWER 


Every time you touch your brake pedal it must function 


dependably. In a well-known power brake unit a small 
back-up seal is doing a big job—providing an extra margin 
of safety. Its a C/R Oil Seal used between the vacuum and 
hydraulic cylinders. The sealing element had to be designed 
to exacting requirements. It seals effectively on both sides 
withstands pressures to 10 psi, and provides maximum flexi- 
bility to follow possible eccentricity up to .025”. In thousands OIL SEAL DIVISION 
of applications there has never been a failure 
If your product must conform to equally high standards of 
performance, consider C/R Oil Seals. You may choose from 


17 stock types in over 1800 sizes, or work with C/R engineers 


on spec ial designs. Write for detailed information Cc xf pf CAG @) 
RAWHIDE 


CHICAGO RAWHIDE MANUFACTURING COMPANY 

1215 Elston Avenue - Chicago 22, Illinois 

Silicsa: te itndiatead allies. Ges mene Whanhene Oaih OTHER C/R PRODUCTS 

In Canada: Manufactured and Distributed by Super Oil Seal Mfg. Co., Sirvene (synthetic rubber) molded pliable parts « Sirvis- 


Conpor mechanical leather c ackine boot 
Ltd., Hamilton, Ontario 2npo lech 4 1 cups, p ings, boots « 


C/R Non-metallic Gears 
Export Sales: Geon International Corp., Great Neck, New York 
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FOR 
COMPLEX 
AUDIO 
FILTERS 
LIKE 


THIS 
CALL ON 


CHICAGO STANDARD 


@ Because Chicago Standard design and production 
engineers have built so many audio filters of all types 
they can quickly solve your filter problem with a unit 


built to meet your exact specifications. 


Chicago Audio Filters are known for their sharp discrimi- 
nation, low loss, maximum output and unusually compact 
construction. They are effectively shielded in drawn steel 


cases, hermetically sealed, or with the famous Chicago 
““Sealed-in-Steel” construction 


‘ Outlining the specifications you require 
Your inquiry will receive prompt attention 


a typical unit is 


LOW PASS 


FILTER LPF-2 


\ frock unit f{ iircratt, am 

pol nd other Once Or nication 
cu pment 

Cut-off frequency, 3000 eps 

Input impedance, 50,000 ohm 

Output impedance, 50,000 ohms; 
Insertion loss O.8 db 

Maximum input signal, 10 vi 
Dimension 14.” x a x | 

Weieht, 6' 


CHICAGO STANDARD § | ‘per Seles: 


me ula) ee 
TRANSFORMER CORPORATION pgp ap 


ADDISON & ELSTON + CHICAGO 18, ILLINOIS New York 13, N. Y. 


circuit. The new materials also exhibit 
high retention of bond strength after 
repeated heating and cooling. 

Ihe process used includes a new 
method for uniformly conditioning the 
bonding surface of either electrolytic or 
rolled copper foil. Combined with this 
is the use of a stronger adhesive for 
bonding the treated copper surface to 
the laminate. Both advantages result 
from research conducted by Houghton 
Laboratories, Inc. for the Army Signal 
Corps 

The process applied to the HP series 
forms a thin, pure cupric oxide layer 
which acts as a primer coat for the 
subsequent adhesive coating. The 
equipment used is designed to assure 
uniform oxidation of the foil surface, 
providing uniform adhesion of the foil 
to the laminate. National Vulcanized 
bhibre Co., 1055 Beach St., Wilmington 
99 Del 
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CARTRIDGE HEATING UNIT 
DEVELOPS CONCENTRATED 
HEAT 


Useful wherever concentrated heat must 
be applied, cartridge heating unit, the 
Firerod, is said to provide substantially 
higher watts densities and temperatures 
plus longer cartridge life. 

Design improvements result from the 
fact that the quality of an enclosed 
electric heating unit is determined by 
the rate of heat transfer from the re- 


sistance wire to the dissipating surlace, 
or sheath. The closer the wire tempera- 
ture to the sheath temperature the 
higher the temperature at which the 
sheath can be oper ited Operating qual- 
ity of the new cartridge results from a 
reduction between these two factors 

In tests. one Firerod unit was oper- 
ated in open air for periods up to 720 
continuous hr at a sheath temperature 
of 1800 | 
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FOR SCUFF-RESISTANT BEAUTY. This Sunroc water FOR LONG, HARD SERVICE. Some of the Stainless Steel tubes 
cooler has, as standard equipment, a Stainless Steel in this bundle are 20 years old, despite the fact that they have 
kick plate for protection against scuffing and corro been in continual service in a thermal cracking unit at a major 
sion when floors are mopped. The deep drawn top southwestern oil refinery 


is also made from Stainless. It’s bright and invit been lengthened by 
ing, and easy to clean 


Even though some of them have 


heliarec welding, they still retain thei 
ability to handle corrosive products 


NOTHING can equal 
Y Y 
Stainless Steel 


@® No other design material can match Stainless Steel in 


. % its combination of desirable properties: corrosion resist 
Ye } ance, strength and hardness, beauty, cleanability and 
, & , te % easy fabrication. When seeking a source of supply, remem 
A, } i . her that United States Steel offers the widest range of 
> % 


types, finishes and sizes available in the United State 


FOR SANITATION. This is a Stainless 
Steel rotary washer at a baby food 
plant of Gerber Products Com 
pany. Stainless Steel was used 


because of its great corrosion re USS STAIN \ ‘ ‘ WIV. 3 
sistance, because it will not con | [ | | SS S| | | | 
taminate the food products, because /bTh h 4 4RAb)) b 4h444 
it is so very easy to clean. Gerber’ 

uses a lot of Stainless Steel prov SHEETS STRIP PLATES BARS BILLETS 


essing equipment—including peel PIPE - TUBES - WIRE - SPECIAL SECTIONS 
ers, bins, steamers, holding tanks 


and filling machines UNITE OD Sot he T2ES S&S Ft 8 &@ 4 





widest time ranges .. 
variety of modeis 


The Cramer line of running time 
meters and time totalizers 

offers a complete selection 

for measuring and accumulating: 

time intervals, from the hundredth 
part of a second to hours. 


A variety of types—reset 

or non-reset ... meter mounted 
or portable . . . drum or dial 
counters—are available to 

meet your exact requirements, and 
all are driven by the precision- 
built, high torque Cromer 
synchronous motor. 


Whether used for research, 
preventive maintenance, or 
recording operating choracteristics 
of a machine or system, 

you'll find a Cramer time totolizer 
ideal for the job. 


Write for Bulletin PB-610, 


SPECIALISTS 


TIMING 


'V" EA we AY 1 


BOK 8, CENTERBROOK, CONNECTICUT | 
| 


RUNNING 
TIME 
METERS 


Type 6408 


Portable reset type 


Type 690 


Precision totalizer 


Type 630E 


Flush panel mounted 


Type 640E 


Fully enclosed 
with reset wheel 


TIME CONTROL 


Ihe heating unit is available in 
standard, moisture-proof and special 
units. It comes in sizes from 14 in. to 
12 in. lengths and “, in. or Y in. diam. 
Intermediate lengths are also available 
on special order. Watlow Electric Man- 
ufacturing Co., 1576 Ferguson Ave., 
St. Louis 14, Mo. 
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HERMETIC STRAIN GAGE 
POWER SUPPLY 


Strain gage power supply, for opera 


tion of strain gages and telemetering 
equipment in aircraft systems, is her 
metically sealed Specifications include 


d-c output, 5 volts at 1 amp; a-c input 


. 


105 to 125 volts, single phase, 380 to 
420 cps; duty cycle, continuous; con- 
trols, potentiometer, externally mounted. 
Dimensions are 5 in. x 5 in. x 4 in. 
Weight, 6'% lb. Perkin Engineering 
Corp., 345 Kansas St. El Segundo, 
Calif. 
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SIZE 11 SERVO GEAR TRAIN 


Weighing only 6.875 oz, Size 11 servo 
gear train consists of a single homo- 
geneous unit. Designated Type 2LR- 
3265, the unit is designed to meet 
military requirements and can be built 
to operate at ambient temperatures up 
to 150 C. Both the motor section and 
the gear train section are versatile 
For example, the motor can be made to 


operate asa 2 + 6- or & pole motor 
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A Mek whe Ki 


INTEGRALLY CAST 


BOTOR FANS 


STATOR 


you buy? 


Louis Allis gives them to you, because they 
build their standard motors with special care 


For years, Louis Allis has special ized chemical resistance It remains resil- 
in special motors for many of indust! y'' ijent and resist: aging fo! longer 
toughest drive problems Such instal- motor life 
lations call for extreme care in both e Locked bearings, inner race to shaft, 
motor design and manufacture—ca’ e outer race to end bra: Ket, reduce end 
that has become 4 habit with us. That's play and increase bearing life. 
why we care ow standard motors with e Increased protection not only fo! the 
5 F motor, but also fo! operating person- 

What does this mean to you? It means ne]. Double end ventilation permits 

a motor with extra features maximum end bracket enclosut e—pre- 
that runs better, lasts yents foreign matter from enter ing 

longer. Here are a few of the extra motor. 


reasons why: @ Quiet operation obtained by < areful 

e New exclusive phenolic {mpregnating design and test Close manufactur ing 

varnish provides high thermal and tolerances assut e perfect alignment and 
miniguD electr jcal noise 


There are many other features such as 
cast iron construction, positive lead 
jdentif {cation, split conduit bpox—but 
our new bulletin No 1700 describes all 
the many extras you get ina Louis Allis 
standard motor. Wr ite for your copy 


A complete line of 
standard rerated mo 
fors in frames 182 
through 326U now in 
stock. Special rerated eT 1 . 
motors are available " 


on short delivery 


THE LOUIS ALLIS Co. 


MILWAUKEE 


READE ‘ y 
I it IRY S > 
‘ t EF 
vi AKI PRE DIN ACK OVE 
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W indings can be made to operate on 
60 or 400 cycles, 26 to 115 volts 

The servo-type units have linear 
speed torque characteristics, low iner- 
tia value, high stall torque values and 


os 
low starting friction level 
to ont | [he gear train operates with load 
torques up to 25 in.-oz 


and maximum 


momentary load torques of 75 in.-oz 


TOMI CM TETSU stests innit in 


may be varied in convenient steps from 
12:1 to 4000:1. Slip clutch is available 


os if desired. John Oster Manufacturing 
va CH RUT! Co Avionie Diy 1 Main St., Racine, 
Wis 
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MINIATURIZED ROTARY 
SAMPLING SWITCH 


Small lightweight rotary sampling 
switches with integral d-c drive motor 
are designed for use in airborne and 
general Instrumentation applic ations. 
The phasing between poles can be man- 
ually adjusted while the switch is in 


THESE FINE PRODUCTS WERE 
DESIGNED AROUND 
NICKELOID METALS 


operation. Switch is available with 1, 2, 


: : 5 or 4 poles containing 24 1) or 32 
Tan thre pre design sluge... before investing in tools 


shorting (12, 15, or 16 nonshorting) 
and dies. consider pre-plated Nickeloid Metals. contacts per hol Motor vohages of 6. 
Dake fulladvantage of their inspir 12 or 27.5 volts d-c at sampling speeds 
ing design potential and basic ranging from 0.1 to 10 rps ean be pro 
production savings, too. PRI vided. Applied Science Corporation of 


slated in uniform. quality-con Princeton Princeton ‘\ | 

| | 

trolled finishes of chrome Circle No. 33, Reader Inquiry Service Cards 
preceding back cover 

rite kel copper ar bra an 


base metals of steel. zine 


copper brass and alone 


num — Nickeloid Metals REGULATED HIGH VOLTAGE 
require no cleaning POWER SUPPLY 


plating polishing 


Model PS-22. electronically regulated 


Just fabricate the parts and a- 
upply is designed for use with photo 


MAR-NOT PROTECTION 


To protect the brilliantly finished sur- 
face during drawing and formin ' “ae ; 

operations, and in handling, HF reduce costs, increase Oulpu insulated battery voltage reference al 
Pit Maat L a TL iL mod ima ates Lee lows excellent long term stability 
NOT — a protective covering that af- 
fords absolute protection until final as- 
sembly; then may be peeled off 
Vem ue le 


semble. Eliminate 3 out of 5 basic multiplier tubes. counters. and other 


manufacturing steps save Ube devices L | a ola zero-drain thermall 


and 
SHEETS « COILS + STRIPS 


NICKELOLQAR 


SINCE Leo8 


PUTS a 
PERU 3, ILLINOIS 
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Profit with papers by Mosinee 


Te et oP esate Find out how you can get “MORE PROFITS with 
-pehie ) PAPER’ — for laminations, insulation, packaging, 
protection, fabricating or processing 


Mosinee patented reinforced paper simplifies building 
construction. Easy to handle Mosinee reinforced papers with 


2 : , steel mesh reinforcing attached, replace wood forms for pour 
Mosinee impregnating papers replace 


steel — when treated with synthetic resins 
to form light strong, better insulated 


Ing lightweight concrete floors. This is only one of many 
instances in which Mosinee cooperated in de veloping new 
papers to improve processing or production 

refrigerator door panels Mosinee works ; 


with many manufacturers to dé velop im 


cynating paper f special qualiti In r . 
ee ee, ee HAT’s the theme of a growing number of con- 


this case, characteristics desired are strength 
and moldability to take deep draws cerns and industries who have worked with 
FOR INSULATION Mosinee experts They ve found Mosinee’s more than 
; d quartel century of experience particularly valuable 
in developing special papers to perform specifi 
functions. They've discovered that Mosinee special 
papers help comy lete ther j roduct o1 process faster, 
easier and usually at le cost 
If you'd like to get a general idea of how Mosinee 
Spe ial papers Can be deve loy ed or aday ted to solve 
your particular product production of pac kaging 
problems write or see your Mosinee representa 
tive. Find out how you, too, can profit more with 


by Me since 


MOSINEE PAPER MILLS COMPANY 


DEPT. EM MOSINEE, WISCONSIN 
Cable wrap of special Mosinee paper 


winds easily, twists uniformly. Mosine 


moisture resistant, extra-strong, clectrical 

able wrap offers a plus value. Mosine 4 ae 
d production controls insure unt j og 

Pormity I MImMiZ problems in | 1 Sp 

wisting and cable wrap operations. in = 


— specialist in industrial paper technology — 
makes fibres work for industry. 


READER INQI Y SERV E CARDS, PRECEDING BACK COVEI 





a special message 


ToT 


Ty tks) 


Pali ta ea 


Tm me 


that blocks corrosion by 


TT Iih 


TOUS a LCM La oe - B| TE 


You can solve any problem of non-ferrous finishing 


maximum corrosion protection . . 


. sparkling clear or colored 


decorative finishes, firm and lasting base for paint . . . with 


these two words 


“specify Lridite’’. For example 


ON ZINC AND CADMIUM you can get highly corrosion re 
sistant finishes to meet any military or civilian specifica- 
tions and ranging in appearance from olive drab through 
sparkling bright and dyed colors 


ON CopPpE...lridite brightens copper, keeps it tarnish 
free; also lets you drastically cut the cost of copper- 
chrome plating by reducing the need for buffing 


ON ALUMINUM Iridite gives you a choice of natural alumi- 
num, a golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. Process 


in bulk. 


ON MAGNESIUM Iridite provides a highly protective film 


in deepening shades of brown. No boiling, elaborate 
cleaning or long immersions 


AND IRIDITE 1S EASY TO APPLY. Goes on at room temperature by 
dip, brush or spray. No electrolysis. No special equipment. 
No exhausts. No specially trained operators. Single dip for 
basic coatings. Double dip for dye colors. The protective 


Iridite coating is not a superimposed film, cannot flake. 
chip or peel. 


WANT TO KNOW MORE? We'll gladly treat samples or send you complete 
data. Write direct or call in your Iridite Field Engineer. He's listed under 
“Plating Supplies" in your classified telephone book. 


ys 


INCORPORATED 


4004 06 £ MONUMENT STREET © BALTIMORE 5 MOD 


good absolute accuracy in setting out- 
put voltages. 

Both positive and negative are insu- 
lated from the chassis; either can be 
grounded. The output voltage changes 
less than 0.01 per cent from zero to a 
l-ma load. A 10 per cent change in 
input voltage causes less than 0.05 per 
cent change in output. Ripple is less 
than 0.003 per cent of output voltage. 
All of the above figures represent maxi 
mum values; actual performance (par 
ticularly near the center of the range) 
is said to be considerably better 

Model PS-22 is supplied with or 
without a panel meter. Cabinets are 
also available. Scientific Specialties 
Corp., Snow & Union Sts., Boston 35 


Mass 
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COMPOUND DRIVE 
MAINTAINS CONSTANT BELT 
ALIGNMENT 


Constant belt alignment through a 
speed range up to 8:1 is offered by a 
new compound drive. Using a 1750-rpm 
motor, a speed range of 5550 to 690 is 
obtained at a rated %4 hp. With an 1150 
rpm motor, a speed range of 3650 to 
154 is provided at a rated 4% hp 
Pulleys accommodate new NEMA 
motor frame shaft sizes and use a 7x, 
in. top width or A belt as standard 
Available in either spring loaded o1 
manually operated design, they can be 


mounted on one side or alternate sides 


in accordance with installation require- 
ments. Manually operated units are 
equipped with either pedestal stand or 
attachment for hydraulic yoke. Oil 
impregnated bronze bearings provide 
lifetime lubrication. Parts are machined 
overall with sliding surfaces precision 
ground. 

Where mounted on one side, the 
spring-loaded design measures 61% in 
OD x 5 in. long; the manually operated 
design measures 6 in. OD x 3% in. 
long. Mounted alternately, dimensions 
are 6 in. OD x 374% in. long and 6 in 
OD x 3% in. long respectively. 

The Lovejoy Compound Drive is also 
available in an economy series, using 
an E1600 pulley and A belt to provide 
a speed range of 4800 to 635 with 1750 
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* Control Components Digest * 


News and notes on resistors, rheostats, relays, motor controls, dimmers and other control components 


BIG MOON RADAR undergoing tests 


help this gear stay on the air—or, rather, on 


New moon radar to 


The U.S. Army Signal Corps hasn't 
got a transmitter in outer space — yet 

So, for their continuing studies of 
radio wave propagation in space and 
the upper atmosphere, they bounce 
radio waves from their new high pow 
ered radar, Diana, off the moon and 
planets and study the return pulse 

Designed and built by Radio Engi 
neering Laboratories of I ong Island 
City, N. Y., the new radar transmitte1 
puts out 50 kilowatts, continuous 
wave, and may be pulse modulated at 
various pulse widths and repetition 


Ward I et 


like 


mard resistors those in for ground 


spac t 


explore outer space 


rates. Receiver gain is 170-db at bet 
ter than 3-db noise figure 

Throughout the equipment, high 
stability Ward Leonard resistors, like 
the big Vitrohm resistors shown above 
do duty as high-voltage bleeders 
surge and current limiting resistors 
and protective meter shunts in high 
voltage circuits 

You'll find Ward Leonard Vitrohm 
resistors completely described in our 
64-page Catalog No. 15, together with 
nomographs and charts to help select 
them. Write for your copy today. 


Relays mastermind traffic lights 


Sun, rain, sleet, snow, and continuous 
duty is the lot of this 
master traffic light controller. Four de- 
pendable Ward Leonard relays select au 
tomatic timing cycles. Two more relays 
allow remote control of off-duty flashing 
amber signals and signal shut-down 
Learn more about these rugged relays in 
Ward Leonard Bulletin No. 110. ~ 


24-hour-a-day 


Photo courtesy Crouse-Hinds Co 


SHE'S CHECKING CHART RECORD from X-ray 


spectrometer in Ward Leonard’s test lab 


Plant X-ray speeds quality control 
and helps catch crooks 
X-ray 


eter te high quality and uni 
formity of both raw materials and fabri 
cated Ward Leonard 
These instruments check crystal struc 
ture in ceramics, magnetic amplifier 
cores, contact metal, 


diffractometer and spectrom 


sts msure 


( omponents at 


and resistance wire 
In off hours, they help the Mount Vernon 
Police and Fire Department put the fin 
ger on crooks and arsonists. 


AUTOMATION FOR MACHINE TOOLS is simpli 


fied by this precision control potentiometer 


Control for machine tools 


Accurate electronic control compo 
nent for cutting tools, winders and proc 
essing machine drives is provided by this 
compact, precision potentiometer. 

A hi lf inch plunger movement drives 
the metal alloy contact across the speci il 
resistance element. Enclosure is compact; 
calibration is permanent. Standard re 
10,000 ohms; up to 25,000 
ohms on special order. Write for Bulle 
tin 68. 


sistance 


4% 


Z 
WARD LEONARD |W 
ELECTRIC COMPANY 

34 SOUTH ST., MOUNT VERNON, WM. Y. a) 


Reauk EE ryntoud Contiols Since (492 
RESISTORS - RHEOSTATS - RELAYS - CONTROLS - DIMMERS 
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MECHANICAL ENGINEERS 
... Looking for the Right Change? 


Many men are—and the right job is often 
mighty hard to find. 


But we’ve got some interesting openings now at 


that might represent the 
right change for you. 


% Duties of the jobs: Solve electro-mechanical 
design and layout problems at the developmental level. 
Work from rough sketches or general instructions to fully 
utilize your ingenuity and creative abilities 


% Scope of the Work: To bring into design form 
the requirements of a new or modified instrument, device, 
or control system related to TV and radio receivers as well 
as government communications equipment. Plus co-ordinate 
all mechanical aspects of the project 


% Atmosphere: A company that understands engi- 
neering—with a well planned long range program of design 
and development. Plus a complete program of employee 
benefits 


% Your potential: Continued company growth offers 
many excellent opportunities for advancement 


¥%& Requirements: Sraduate mechanical engineers or 
men of equivalent backgrounds having industrial experience. 


For details write Mr. W. A. Wecker, 
Personnel Division. We will be happy 
to send you more information on career 
opportunities and other advantages. 


3800 W. Cortland St 


Admiral Corporation execs. a ine. 


rpm motor or 3160 to 418 with 1150 
rpm motor. This series accommodates 
the new NEMA shaft sizes, but will per 
mit only alternate mounting. Lovejoy 
Flexible Coupling Co., 4802 W. Lake 
St.. Chicago 44, Ill 
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SPIRAL-DESIGN MOTOR 
MOUNTS 


Principal member of motor mount as- 
sembly is a wire cross-welded to sup- 
port wires. Continuous spiral design, 
replacing the concentric circle type of 
construction, eliminates butt welding 
and swaging operations 

Natural resiliency of wire assembly 


absorbs motor vibration, and is said to 


permit reduced noise-level decibel rat- 
ings 

Adaptable for all types of industrial, 
commercial, and domestic motor appli- 
cations, these combination guard and 
mount assemblies are available in vari- 
ous platings and finishes to meet specifi 
installation requirements | H liteh- 
ener & Co., 575 Walnut St., Bingham- 
ton. N.Y 
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SUBMINIATURE CONNECTOR 
HAS ONE-PIECE MOLDED 
INSERTS 

New miniature Continental connector 
in AN Type 1300 Series is available 
with 3. 4. and 5 contacts and teatures 


one-plece molded inserts of mineral- 


13 Owe &: 


filled melamine. This construction is 
said to prevent moisture traps and elec- 
trical breakdowns 

Aluminum shell is finished to meet 
military requirements for salt-spray 
test resistance. The inserts are perma 
nently swaged into the shell to form a 
single cartridge unit. Floating contacts 
in the connectors assure self-alignment 


of each contact and reduce engagement 
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@ A new dual-beam cathode-ray oscillograph 
with facilities for precise observation comparison 


and measurement of two related: a-c or d-c signals 


Has two complete vertical amplifiers with response 
flat to d-« S00 ke 


Amplitude measuring on both channels includes 


and uniform within 30°; to 


ee) ae 1 


16 ranges from 400 volts full scale to only 4 milli — a 


volts for full deflection to scale limits. The most 
sensitive range permits a-c or d-c measurements in 
the microvolt region. Balanced input is available 


on the seven most sensitive ranges 


High-level, accurate, calibrated, linear sweeps; 


automatic beam gate; sweeps range from 1 sec./ 
inch to 2 usec./inch in 19 steps common to both 


channels 


X-amplifier provides up to 20 inches of undistorted 
sweep expansion; external horizontal input to 


either or both channels 


OGRAPH 


AND FOR THE RECORD... 


gana’ 
My f 
TYPE 296 TYPE 299 / 


Versatile, economical 35 mm 
general-purpose oscillograph 


4 


TYPE 302 TYPE 321-A 


General-purpose recording For permanent records in just Continuous motion or single 


READER INQUIRY SERVICE 


record camera with f/2.8 
lens Price $149.50 


CARDS 


camera accepts variety of 
backs for 120 size roll film, 
cut film or film pack; inexpen 
sively converted into print-a 
minute Polaroid Land camera 

Price $265.00 


PRECEDING BACK COVER 


a minute with Polaroid-Land 
back; by simple, inexpensive 
change of backs can be adapt 
ed for general-purpose record 
ing with other than Polaroid 
films Price $285.00 


frame recording on 35 mm 
perforated or unperforated 
film or recording paper; film 
speeds variable in steps from 
0.8 to 3600 inches/minute 
Price $1050.00 





SUBMinax 


working with rf equipment 
ye ampiliher 
hould 
wel nt 
connecto! Avail 
crew-on coupling the 
line include traight and 
lug cable and bulkhead 
receptacle and feed-through 
There are ilso hermetically ealed 
receptacle im the crew-on design 


Constant impedance 0 or 75 ohm 


MINIATURE 


AN-type CONNECTORS 


Of particular interest to avionic en 
yineet! 165 eri Miniature AN 
ty pe are being used in production 


aircraft equipment in such applica 


tions as fuel indicators, gyro system 
and auto-pilot They replace stan 
dard AN viving the arn depend 
able performance while contributing 
much maller size and weight », ¥ 
11, 12, 14 and 24 contacts. Not« I 

available in even smaller 


potting 


SUBMinax CABLE 


Polyethylene, teflon or polyfluoron 
dielectric Subminax cables are avail 


able all mate with Subminax con 


2c te 


nector provide the ime dependable 


performance. Size’ O.D.’s range from 
100 to .145! 
NOTI | q 


spe 
mii 


AMERICAN PHENOLIC CORPORATION chicago 50, illinois 


AMPHENOL CANADA LIMITED toronto 9, ontario 


and disengagement forces to a mini 
mum 

Inserts are interchangeable in the 
plug or receptacle shell. Brass pin con- 
tacts and spring temper phosphor 
bronze contacts are gold-plated for 
ease of soldering. Electronic Sales Div 
DeJur-Amsco Corp., 45-01 Northern 
Blvd... Long Island City 1, N. ¥ 
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MINIATURE FLUSH 
DIAPHRAGM PRESSURE 
TRANSDUCER 


Miniature flush diaphragm pressure 
transducer of the variable reluctance 
type, the Model AP-17 has ranges ex 
tending from 0-15 psi to 0-5000° psi 
absolute; the dynamic characteristics 
permit flat response from static to ex 
tremely high frequencies. Applications 
include measurement and control with 
indicating, recording, and control sys 
tems adapted to operation with variable 
reluctance type transducers 
Diaphragm of the Model AP-17 is 
integral with the Type 416. stainless 
body, and its deflection with pressure 
results in a change in air gap between 


the diaphragm and an internal E-core 


pickofl assembly. The ibsence of me 
chanical coupling between the = dia 
phragm and pickoff, and the rigidity of 
the internal assembly is said to result 
in high natural frequency and freedom 
from spurious mechanical resonance 

Natural frequency is 5000 eps; maxi 
mum acceleration sensitivity is | pet 
cent per 100 g corresponding to the 
0-15 psi range 

Model AP-17 weighs 1'% oz, has a “4 
in. diam and is 1°4, in. in overall length 
Instrument delivers an output of 8 milli 
volts per volt full scale at 10 volts maxi 
mum 3000 cps excitation in a_ bridge 
circuit. Excitation frequencies up to 
20,000 eps may be used. Instruments 
are temperature-compensated for sen 
sitivity and zero shift to hold calibra 
tion change within | per cent full scale 
per 100 F between 65 and 250 | 

Accuracy including repeatability, hy 
teresis and linearity is | per cent full 
scale or better under constant ambient 


conditions The standard case configura 





The key to high quality reception for Dubuque TV viewers tenna site, at the distribution hubs, and at the pole line 
is provided by Jerrold’s high-gain, low-distortion signal feeders (above) these amplifiers depend on buult-in and 
amplifying equipment. “Right down the line’ —at the an accessory Sola Constant Voltage Transformers 


From Head End to Pole Line Feeders, 
Sola Constant Voltage Transformers 
Regulate Dubuque Jerrold TV System 


The Jerrold community television system from Dubuque, Iowa, is an 
excellent example of system-wide use of regulated supply voltage to 
insure top performance and low maintenance costs. 

To provide Dubuque viewers with the highest quality picture possible, 
the system uses high-gain receiving antennas, mounted on a 420’ tower. 
Jerrold high-gain amplifiers then forward signals through 12 miles of 
coaxial cable, branching into an amplified distribution network of 130 
miles of coaxial cable embracing the whole of the city. 

Peak performance of amplifiers and other electronic system com 
ponents requires maximum stabilization of supply voltages throughout 
the system. For this reason Sola Constant Voltage Transformers are an 
integral part of line amplifier power supplies, and are used as accessories 
with other equipment. 

Sola standard static-magnetic regulators provide automatic, instan 
taneous output voltage unaffected by changes in input voltage. Their 
regulation is within +1°, regardless of primary voltage swings of 30%. 
They have no moving parts, no tubes, require no manual adjustments 
and are self-protecting against short circuit. 

If you require a maintenance-free source of stabilized voltage, Sola 
Constant Voltage Transformers may be your answer. Call a Sales 
engineer, or write for Circular 6B CV-170D. 


Stabilized voltage for Dubuque Jerrold 


system head end equipment, such as pre 
amplifiers and converters shown here, is 
provided by the stock 500va Sola Constant 


Voltage Transformer (arrow) installed 
TRANSFORMERS as an accessory 


CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrical Equipment © LIGHTING TRANSFORMERS for All Lypes of Fluorescent 
and Mercury Vapor Lamps. © SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 35 103 £ 
125th St., TRafalgar 66464 © PHILADELPHIA: Commercial Trust Bidg Rittenhouse 6-4988 © BOSTON: 272 Centre Street, Newton 58, Mauss 
Bigelow 4.3354 @ CLEVELAND 15: 1836 Euclid Ave., PRospect 1.4400 @© KANSAS CITY 2, MO.: 406 W. Ath St.. Jelerson 49382 @ LOS ANGELES 23 
3138 E. Olympic Blvd., ANgelus 9-9431 @ TORONTO 9, ONTARIO: 617 Runnymede Rd., RO 7-1654 © Representatives in Other Principal Cities 





CIRCUIT 
CONTROLLING 
COUNTERS with 


Automatic Reset 


FOR REVOLUTION, STROKE 
AND ELECTRIC COUNTING 


THESE predetermining counters 
with instantaneous reset will auto- 
matically recycle a variety of single 
and multi-stage switch functions. 
Recycling operates without time 
lag at speeds to 5,000 rpm. The 
switching pattern repeats auto- 
matically as long as desired. The 
control circuit is an integral part 
of the equipment. 


CYCLO- 
MONITORS 


Used to control 

one or two switch 

ing events within a a 
preset count-cycle 

Replace unwieldy change gears, cam 
ystems, timing chains, et provide 
quick and completely flexible adjust- 
ment for changing requirements, Ad- 
justment in one-count increments ex- 
tends over a wide range of numbers 
Available in a variety of model 
write for General Catalog of Cyclo- 
Monitors 


PROGRAMONITORS 


Same cycle range as Cyclo-Monitors, 
but also permit ANY NUMBER of 
intermediate switching events. Com 


plex switching patterns of any count 
able sequence can be programmed and 
automatically repeated. Momentary or 
dwell switching—continuous or inter 
mittent operation Built-in control cit 
cuit can be opened or closed at any 


numbers. Write for Bulletin 505. 
COUNTER 4x» CONTROL 
CORPORATION 


5228 W. Electric Ave. 
MILWAUKEE 14, WIS. 


tion permits an O-ring seal at the back. 
North American Instruments, Inc., 2420 
North Lake Ave Altadena. Calif 
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RANGE AND DRYER 
POWER OUTLETS 


Iwo new range ind dryer receptacles 
now available include range receptacle, 
Catalog No. 3890, which is rated at 50 
amp at 250 volts; the dryer receptacle 
Catalog No. 3860, is rated at 30 amp 


at 250 volts. Both power outlets are 


© 


c 
© 


© c> C) 


flush type for quick flat strap mounting 
ind = imcorporate uch features as 
Clamp elevator-type terminals; phos 
phor-bronze contacts and a special re 
olving rear plate 
Designed for use on single gang 
can bye back wired NI MA 
| shaped slot on dryer receptlac le 
only. Slater Electric & Manufacturing 
Ine > St. and 37 Ave Woodside 
Long Island, N.Y 
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haoxe the \ 


115-VOLT 60-CYCLE 
ELAPSED TIME INDICATOR 


Running time meter is a direct-reading 


counter with i yncehronous motor 


drive. in a |! o-in.diam dust tight case 


Lnit i ’ in. lo 


j weighs approxi 


mately 6 > watts of 
powell 


Iwo model 


cating hour 


available, one indi 


YY 9990 9 


looking for a 
reliable plastic molder..... 


.....Who knows you're his 
bread and butter and..... 
treats you that way..... 


~™ 


then here's sweet 
ous a IE aie NIE 


For specialists in the compression 
molding of thermosetting mate- 
rials and complete die making 
facilities contact Kuhn and Jacob. 
Let their sales and engineering 
staff save you money on your 
present jobs and future needs. 


Write for Free Catalog 


KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8,N.J. 


Represented by 
S$. C. Ullman 
55 West 42nd St., New York, N. Y 
Phone PEnn 6-0346 


Wm. A. Chalverus 
Carson Road, Princeton, N. J 
Phone 1-3170-J2 


Wm. T. Wyler 
Box 126, Stratford, Conn 
Phone Bridgeport 7-4293 
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Mallory 1000 Metal, weighing 
16.96 gmfcc, cuts size of counter 
balances . . . allows designers to 
make smaller, lighter aircraft con- 
trol mechanismsand similar devices. 


How to save weight... 
by using heavier metal 


7 ~ can reduce the size (and thus the weight) of many control 
assemblies— housings, linkages, other structural elements 
by trimming the dimensions of counterbalances, balance 
weights, and similar ‘“‘mass components’. High density Mallory 

Compact gyroscope rotors L000 makes this practicable. Twice as dense as steel or bra 

Mallory 1000, with proper- and far stronger than lead, Mallory 1000 provides designers 
ties especially developed for with the ideal material for compacting many mechanisms 

this service, gives exception- , s , 

ally high inertia in small Designers will appreciate the high uniformity of characteristics 
space . . . Increases sensi- which Mallory 1000 offers. Density, tensile strength, modulu 
tivity of gyros. 


MALLORY 1000 METAL 
Proves Ideal For— 


of rupture, and elongation are accurate within narrow limit 

Smaller radioactive shields You can base accurate design calculations on specific, actual 
Up to 40% more efficient figures—instead of guessing with vague ‘‘representative”’ prop- 
than lead, Mallory 1000 erties. Mallory 1000 leads all other high density metals in 
proves superior for shielding adherence to firm 
cyclotron and synchrotron 
radiation, for hot isotope ei. 
storage, and for radiation surface finish. 
switching from source. 


pecifications. In addition to its high density 
and strength, the metal offers ready machinability to high 


Wherever you need concentrated mass or inertia—in balance 
r ) P schnical lle s | 
Write for technical bulletins. weights or rotating elements—it will pay you to look into 


Mallory 1000. Write for complete technical data 


Expect more...get more from 


ee en ne em | 


P.R. MALLORY @ CO. inc 
Serving Industry with These Products 
Electromechanical—Resistors * Switches « Television Tuners * Vibrators 


Electrochemical Capacitors « Rectifiers * Mercury Batteries 
Metallurgical — Contacts * Special Metals and Ceramics * Welding Materials 
P. BR. MALLORY & CO., inc., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Maliory-Sharon Titanium Corp., Niles, Ohio 
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cue Qin wine 


THAT GIVES YOU... 


Electrical and Heat 
Conductivity of Copper 
plus Heat Resistance of Nickel 


ALLOY'’S NICKEL-CLAD 
COPPER WIRE 


A core of high conductivity oxygen-free copper, metallurgi- 
cally bonded to a sheathing of “A” Nickel — that’s Alloy’s 
Nickel-Clad Copper Wire. Widely used in aircraft industry 
for spark plug electrodes and bunched instrument wiring, 
this bimetal wire offers the design engineer a versatile tool 
for many other electrical and heat-transfer applications. 
Nickel-Clad Copper Wire can be obtained in almost any 
variation of copper core and nickel sheathing. Two grades— 
27% Nickel and 64% Nickel are in general use today. 
Additional combinations will be made to your specifications. 
Other clad-metal wires are also available, including 
Inconel-Clad Copper and Inconel-Clad Nickel. 
For complete engineering and ap- 


plication data on our Nickel-Clad 


Sas) 


Copper Wire, send today for Technical 
Bulletin T-3. 


ALLOY METAL WIRE DIVISION 


H. K. PORTER COMPANY, INC. 


Prospect Park, Pennsylvania 


the other, minutes in io min gradua 
tions to 9,999.9 (166.6 hr). Unit oper 
ates on 115-volt 60 cycle current and 
can be mounted either behind or in 
front of the mounting panel. Electrical 
connections are from the end through 
solder-type terminals. The 5-digit coun 
ter, centered in the sight opening, is of 
standard size (14 in. x % in. approx) 
for easy reading. Haydon Manufactur 
ing Co., Inc., 2525 Elm St., Torrington 
Conn 
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SELF-LOCKING PIN SUIT- 
ABLE FOR HOPPER FEEDING 


Designed for hopper feeding or inser- 
tion in a drilled hole, Type U self-lock- 
ing Driv-Lok Pin features a pilot on 
each end, permitting fast insertion and 
accurate starting of either end of the 
pin. The pin is provided with full length 
grooves to give maximum loc king effect 


along the entire grooved length of the 
pin. Applications include keying sprock- 
ets, gears, collars, knobs, handles, le 
vers and wheels to their shafts. 

Parallel, equally spaced grooves are 
impressed on the shank of the pin, dis 
placing a carefully determined amount 
of metal to each side of the cut to form 
a raised flute. When the pin is driven 
into a hole of the same nominal diam 
eter as the shank, the flutes are com 
pressed against the hole wall, creating 
a substantial radial holding force. Type 
U pins are available in a wide range of 
sizes and materials. Driv-Lok Pin Co., 
Sycamore, Ill. 
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SILICONE-COATED RESISTORS 
FOR CLIP-MOUNTING 


Suitable for clip mounting, Type 5 
Silicohm resistors feature a_ silicone 
formulated coating that is hard and 
durable and which will not crack 
chip or peel when the resistor is pressed 
into the clip. Quality of the coating is 
not affected by high ambient tempera 


tures: also, it is not brittle and will 





Arbncing —_ 
FAST Le . 


DIVISION OF ILLINOIS TOOL WORKS 


Now, bring your special stamping and plastic fasten- 
ing problems to FASTEX, the new division of Illinois 
Tool Works. Here in one organization, you find a new 
service . . . the consolidation of the design and pro- 
duction of engineered stampings and plastic prod- 
ucts formerly a part of the SHAKEPROOF Division. 
FASTEX is staffed with experienced engineers and 
skilled craftsmen, equipped with specialized facil- 


esign and prod H 

.d by the broad experience 
famous name in fastenings... SHAKEPROOF. Fastex 
Division, Illinois Tool Works, 195 Algonquin Road, 


Des Plaines, I/linois. 


Information about the new FASTEX Dwision 
is contained in a new FASTEX Bulletin 
Send for it today 


DIVISIONS OF ILLINOIS TOOL WORKS 
World's Broadest Line of Mass-Assembly Fastenings 





Announcing... 


HVYS0eL 6600 


An outstanding 
new epoxy casting 
resin for transformers 


for electronics, instru- 


ment transformers, 
power bushings and 
related equipment. 


Especially Developed for 
MIL-T-27A Specification 


HYSOL 6600 is the result of over two years’ 
development and evaluation in our own and gov- 
ernment laboratories. In addition, it has been 
economically used in commercial transformer pro- 


duction with excellent results. 


Write today for the HYSOL 6600 Technical 
Data Bulletin and samples. 


Houghton Laboratories 
manufactures complete 
lines of Electrical Insulat- 
ing Materials, Adhesives 
and Sealants, Tooling Ma- 
terials, and cast products 
such as rod, sheet, and 
tube. 


FIRST IN EPOXY COMPOUNDING 


HOUGHTON LABORATORIES, INC. 


140 HOUGHTON AVENUE 
OLEAN, NEW YORK 


not craze even when repeatedly cycled 
in thermal shock as required under 
MIL-R-26B 

Clip-mounting of the miniature wire- 
wound resistors is said to offer ad- 
vantages especially where vibration is 
encountered, Part of the heat is dis- 
sipated through the base of the clip 
into the chassis on which it is mounted, 
allowing more power dissipation for a 
given size 

Available are seven resistor sizes with 
ratings from 2 to 10 watts and _ toler- 
ances ranging trom 3 per cent to 0.05 
per cent. Sage Electronics Corp 04 
North Goodman St., Rochester, N.Y 
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SOLENOID WITH ADJUSTABLE 
RETURN SPRING 


Adjustable return spring is now avail- 
able on two basic models of manufac 
turer's rotary solenoids, the BD3 and the 
BD5. The adjustable return spring per- 
mits minute spring torsion adjustments 
Any return “pring torque can be set 
within the limits of the spring design 

The new feature is particularly de 
sirable in applications where the re 


turn spring must return the solenoid 


irmature with a load and where close 
tolerances of pring eltings are re 
quired 

The scroll type return spring is in- 
stalled in a movable retainer ring. Fine 
adjustments of spring torsion are ac 
complished by rotating the retainer 
ring to the proper position, after which 
it is locked in place by a setscrew 
(,. H. Leland. Ine 123 Webster St.. 
Dayton, Ohio 
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NYLON CEMENT REQUIRES 
NO CURING 


Nylon cement that requires no curing 
and which is available in a wide range 
of viscosities is being marketed under 
the trade name Nylosil The cement 
achieves joints that possess the strength 


and inherent characteristics of nylon 
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= *« CUT CORES, Types C and E 


eS 
sa 


* TOROIDAL CORES, Cased 


é] 


and Uncased 


It's ARNOLD for EVERYTHING in TAPE-WOUND CORES 


plications 


Let us help you with your core re- 
quirements for Pulse and Power 
Transformers, 3-Phase Transformers, 
Magnetic Amplifiers, Current Trans- 
formers, Wide-Band 
Non-Linear Retard 
Coincident Current Matrix Systems, 
Static Magnetic Memory Elements, 
Harmonic Generators, etc. 


tor Complele Détails 


Write for Bulletins: 


* SC-107—Cut Cores, Types C and E 

* TC-101A—Toroidal Cores, cased 
and uncased 

* TC-108—Bobbin Cores 


ADDRESS DEPT. 


Transformers, 
Coils, Reactors, 


EM-62 


READER INQUIRY SERVICE 


CARDS 


PRECEDING 


7 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
- 
. 
. 
. 
7 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
+ 
- 
. 
. 
o 
. 
. 
. 

. 
. 
. 
. 
. 
. 
. 
. 
+ 
. 


BACK 


MATERIALS: Deltamax, 4-79 Mo- 
Permalloy, Supermalloy, Mumetal, 
4750, Monimax, Silectron, Permendur: 
all are available for tape wound core 
applications. The choice of material 
will depend upon the specific proper- 
ties required. 


GAUGES: The following standard tape 
thicknesses are available for Arnold 
tape wound cores in most of the mag- 
netic materials mentioned above 
012", O04", 002", 001", 0005”, oF 


ps 


THE ARNOLD ENGINEERING 


00025”. Bobbin cores are made from 


tape .OOL” to .000125” thick 


SIZES: Cores weighing from a fraction 
of a gram to many hundreds of pounds 
can be supplied. Toroidal cores are 
made in 27 standard sizes with nylon 
cases. Types “‘C” and "E”’ cut cores are 
made in a total of 530 standard sizes 
Many special sizes and shapes of both 
gapless and cut cores are manufactured 
for unusual requirements. @ Let us 
work with you. 


OMPANY 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 


ALL 


Cc 
et od 


COVE! 


General Office & Plant: Marengo, Illinois 
DISTRICT SALES OFFICES .. . New York: 350 Fifth Ave. 
Los Angeles: 3450 Wilshire Blvd. 


Boston: 200 Berkeley St. 





No wonder the new 
Silic-O-Netic Time Delay 
Relay has aroused such interest 
It offers basic advantage as a 
delay device unequalled in its low 
price range 
The Silic-O-Netic Relay provide delay 
withno mechanical linkages no mechanism 
to speak of only one moving part, and that 
part is hermetically sealed, forever free of 
dirt and dust it operates on a positive 
change in magnetic flux which is sharply 
defined as the movable core touche 
the pole piece Moreover, the new 
Type A model has high speed 
contacts, affords good 
contact pressure 


in TIME DELAY RELAYS 


IT'S DIFFERENT... 


No thermal elements no aging, no 
fatigue long-life stability 


Heinemann Silic-O-Netic 
Relays are already being 
used in dozens of volume 
applications where absolute 
dependability is essential TUTE Overall dimensions: 2) 
They are well worth your ie hee oe 

investigation 


Wrute for Bulletin T-5002 


Or Teme tater) “% to 120 seconds 


eel achieved in 20 years of 
solenoid manufacturing experience 


HEINEMANN 
ELECTRIC COMPANY 


99 Pium St., Trenton 2, N. J. 


High resistance is noted to oils, aro- 
matics, aliphatic solvents, fruit acids, 
alkalies and bleaches. It is useful on 
a wide range of nylon parts. 
Laboratory tests indicate that bonds 
achieved are effective under wide tem- 
perature ranges. Feature of the ad 
hesive is its ability to fill in gaps that 
result when surfaces lo be jointed are 
not perfectly matched. lons Exchange 
Corp., 44 Leonard St... New York, N.Y 


Circle No. 44, Reader Inquiry Se.vice Cards 
preceding back cove 


EXPLOSION-PROOF 
INSTRUMENT ENCLOSURE 


Series of instrument enclosures make it 
unnecessary to open the enclosure when 
taking readings and provide convenient 
reading of enclosed meters, gages and 
similar devices in hazardous locations 

Equipped with a threaded cover and 
a heavy round glass window, the Pylets 


are furnished in four body sizes with %4 


in. hubs for rigid conduit in both dead 
end and through-feed types. Other hub 
arrangements are available. Drilled 
mounting feet are provided. The en 
closure is explosion-proof, dust-tight 
and rain-tight. Pyle-National Co., 1334 
N. Kostner Ave., Chicago, IIL. 


Circle No. 45, Reader Inquiry Service Cards 
preceding bock cover 


REVERSIBLE THREE-WAY 
DRUM SWITCH 


Three-way drum type lamp switch can 
be mounted at any convenient place 
in the body of a floor or table lamp, 


enabling the switch to function” re 
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DOW CORNING 
Ue 


Hydraulic Tool ‘‘Winterized”’ 
With Dow Corning 200 Fluid 


The instability of most fluids has been 
the limiting factor in designing compact 
hydraulic systems or hydraulic devices 
exposed to even seasonal changes in 
temperature. During the past decade, 
the accuracy and usefulness of hydraulic 
devices been greatly 
through the use of Dow 
Fluids with their 


viscosity-temperature slopes. 


increased 
200 
flat 
Here’s a 


has 
Corning 
incomparably 
new example of product improvement 
through the use of silicone fluids. 


For splicing electrical high lines, 
Norwalk 
factures a portable hydraulic 
“Hypress”. It nine pounds 
but develops a force of 18,000 pounds 


Burndy 


Engineering Co manu 


Conn., 
tool called 


weighs only 


Although widely accepted by utility com 
panies, the usefulness of the Hypress was 
limited because the organic oil became so 
thick at that it 
not pass freely through the port and valves 
Even at 20 I 


creased to 2400 Saybolt seconds. 


low temperatures could 


the viscosity of this oil in 


Faced with the problem of 
the 


“winterizing’ 
tandard Hypress for operation at 


temperatures down to 30 —SO*#F, 


Burndy 
developed a special packing only 
that 


engineer 


to find low temperature organic oils 


Then they 
200 


caused excess 


a 20 


ive swelling tried 
Dow Corning Fluid 
a viscosity of only 420 Saybolt sec 
30 | 130 } 


centistoke 
with 


onds at and 68 seconds at 


The silicone fluid filled 
as easily at $0 F as 


units do at 


unit Operates just 


oil filled 
Swelling 


Organic 
room temperature 
of the packing is eliminated. l 


use the Hypress in all 


tilities now 


seasons with equal 


ease. Field checks made since 1950 show 
that the investment made in Dow Corning 
200° Fluid repaid 


over in sales resulting 


has been 


many time 
from 


No. 68 


additional 


dependable year around service 


ATLANTA * CHICAGO + CLEVELAND * 


Vow 


Canada Corning Silico 


ili 


DALLAS * 


FOR 


cone News 


DESIGN ENGINEERS 


SILICONE INSULATED MOTOR MAKES 


“POWER ACTION” TOASTER POSSIBLE 


When a 


Power 


slice of bread is 
Action” 
motor 


and at the 


placed in a 


Toastmaster, the silicone 


insulated automatically lowers it 
coiled 


After 


released 


ime time stretches a 


pring with a 144 pound pull the 


toasting cycle, this pring ts and 


the toast is gently elevated with the motor 


erving as a damping device 


In thi the first completely automatic 


toaster, the small but powerful motor get 


Am 


range of 


toasted” with every lice of bread 


bient temperatures are in the 


Hermetic Seal Produced With Silastic 


Low temperature flexibility of vulean- 
ized Silastic*, plus the unique flowing 
and curing characteristics of this sili- 
cone rubber in paste form, have helped 
Electro-Snap Switch & Mfg. Co., Chi- 
cago, efficient, 
hermetically sealed limit switch. 


develop an unusually 


SILASTIC PASTE 


laphragm in this low 
comprised of 
a lay 


Teflon 


vulcanize 


mold i] ic a iting of 
On 


Curing 


past 


in place to f i resilient and moisture 


prool 


tuator 


I ing tects this seal from 
to aromatic hydrocarbon 


ion of 


No. 69 


New 1956 Reference Guide to 


silicone 


Dow Corning 


products briefly reviews properties and 


applications of 


sed 


silicone products most widely 


Indexed by applicatior this all-new 


guide will prove a definite aid to design engi 
neers 


concerned with product improvement and 


No. 70 


cost reduction 


DETROIT * LOS ANGELES + 


nto; Great Britain: Mid j 


NEW YORK + 


pee se 


100 F and operating one-third of 


time 1 
i econd 


Accel 


Wi I 


during each cycle 


toasting 
by McGraw 


expectancy of 40 


rated life-testing 
life 


normal 


engi 
indicate a 


yeul under conditions of use 


In the course of 


gaining Underwriters’ 


pproval these motor 


locked 


failure 


withstood a 


con 


tinuou rotor test for & hours 


without 


McGraw Elk 


ihcone-gla 


rial 


ctri ilso ou 


quares of 
laminate a an insulating 
the mica 
Before 
leak 


clement 


between the frame and 


heating element 


upport for the 


1} 


ilicone-glass laminate was used 


urrent from the heating 

the frame was 2.5 
leakage current i 
ibricated by National 
Fiber Co., this laminate has 


bond 


in mica to 
Now 
illy zero I 
ized 


ent uniformity 


impere 


and trength 


protection igainst 
th tpt 


Poaustmaster are tre 
th Dow Corning 200 Fluid 


moisture 


Wption ind current k 


ill cerami 
ited 
No.71 


of tn new 


Design Edition 17 


DOW CORNING CORPORATION - Dept. 4502-A 


Midland, Michigan 


Please send me 66 69 70 TI 
NAME 
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WASHINGTON, D.C. (Silver Spring, Md.) 


France: St. G 





WHR Ce 
do a boys work? 


save money by matching the load... let silicones carry the overload! 


You get a service factor ranging up to 50% with 
Dow Corning Silicone insulated (Class H) motors 


& ¢ 


compared to 15% for Class A. ° 
: | I | ( b helo you yaeed, Muyo gwoeduclan 


built-in service factor saves you the initial cost —_— 
of installing oversized motors to withstand the heat Fa 
penerated in reversing service, for example. In © The Louis Allis Co. of Milwaukee 
J has developed a line of rapid reversing motors which 
many applications, it saves the cost of over-motoring 
. are silicone insulated and blower cooled to give a max- 


imum number of reversals. A 3 hp Class H motor, for 
example, will do 200 idle reversals per minute com- 


to carry intermittent overloads, or loads that can’t 
be matched in standard frame sizes 


pared to 12 for a conventional motor of the same frame 


size. A 7% hp silicone insulated motor will do 125 idle 
you a better power factor and higher efficiency, reverals per minute 


because the smaller silicone insulated motors come compared to 7 for 


closer to operating at full load most of the time. a conventional 
motor These 


And climinating the need for over-motoring gives 


t 

You also get more reliable service because motors motors offer new 
production econo- 

insulated with Dow Corning silicones have superior 

resistance to heat, to a combination of heat and 


moisture, and to corrosive atmospheres. 


Remember over-motoring is outmoded 


mies in any opera- 
tion where high 
reversal capacity 
is required 


on, Dept. 4502-B, Midland, Mich. DOW ma a 
noorane af -aunaly Sor: nae taney NiHILIAMY DOW CORNING CORPORATION 


Information on Louis Allis motors for rapid MIDLAND, MICHIGAN 


reversing service 


ATLANTA + CHICAGO «+ CLEVELAND + DALLAS * DETROIT 
LOS ANGELES * NEW YORK * WASHINGTON, D.C. (Silver Spring, Md 
CANADA: Dow Corning Silicones Ltd., Toronto 

GREAT BRITAIN: Midland Silicones Lid., London 

FRANCE: St. Gobain, Paris 





motely from the lamp socket. The 


drum, made of molded melamine, 
can be revolved 360 deg in either BARBER ma 


direction. From the “off” position, one 


can switch the lamp into “low” posi- ME 

tion by turning the drum one way, or O ores 

into “high” position by turning it the | 

opposite way. This development elim- 

inates the necessity of moving the new free catalog helps select exact motor needed 
switch through all positions to get to 
“high Fe Get this helpful new catalog of Barber 
The switch can operate any bulb 
size being used currently in portable 
and floor lamps. It is adaptable to both 
14 and %g in. pipe. The drum switch 
is available in black, white, beige and quality motors with high start 

grey melamine. Accessory Equipment ing torque, low-inertia rotors 

Dept., General Electric Co., Construc- provide quick, positive starting un 
tion Materials Div., Bldg. 28-EW, der adverse conditions. Various models 
Bridgeport, Conn 


Colman a-c shaded pole motors. De signed 
for applications requiring long 


life, rugged construction, these 


of the four types shown below 
Circle No. 46, Reader Inquiry Service Cards 
preceding back cover 


DOWEL PINS oa > REVERSIBLE MOTORS 


Dowel pins, in a full range of sizes are 
available from Yg in. diam x %% in. clreuits to meet many. different 
long to 1 in. diam x 6 in. long. Having ‘ requirements demanding a compact 
a surface hardened and ground to a and powerful fast-reversing motor 
tolerance of 0.0001 in., the pins are Sree WADE FOF, CLONG-Re 


remote switching and positioning 


Adaptable to a variety of control 


devices voltage regulators pen 
drives. Available with gear trains 
open or enclosed, in wide range of 
ratios. Low- inertia rotors permitting 
rapid reversing and follow-up make 
these motors ideel 

for many elec- 

tronic control cir- 

cuits 


offered in two standard fits: 0.0002 
in. over the listed diameter for regular 
use, and 0.001 in. over listed diameter 
for oversize service. The Bristol Co., 
Socket Screw Div., Plates Bridge & 
Naugatuck Rd., Waterbury 20, Conn. 


Circle No. 47, Reader Inquiry Service Cards 
preceding back cover 


UNIDIRECTIONAL GEARED 


or drivin Mp roe 0 } iriv ers, For vending and office 
PHOTOMULTIPLIER POWER ~~ blower wn a fo r } ou Pipes roti rue or 
refrigerator ( un oO uf r ) uners, program switches 
SUPPLY for vending and o cat etc. Model shown for over 

machines, et: hanging loads 
Compact, high-stability photomultiplier 
power supply, Model CS-324, is avail- 
able either in basic chassis form for the complete line of Barber-Colman motors includes uni 
inclusion in optical devices, or in rack- 
directional, synchronous, and reversible motors up to 1/20 

panel or cabinet form for laboratory ‘ 


use. The supply provides better than hp. With and without reduction gearing open or enclosed 


types. Expert engineering service available to help you get the 


eo , 
-- ba exact motor for your application. Write today for your free 


copy of new Catalog F-4271-6 


Barber-Colman Company 


Dept. B, 1203 Rock Street, Rockford, Illinois 


Small Motors «Automatic Controls.industrial Instruments -Aicraft Controls .Air Distribution Products 
Overdoors and Operators « Molded Products « Metal Cutting Tools «Machine Tools. Textile Machinery 
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ae 


Ticked 
4POT RELAY 
Loe lag 


Versatile 
‘DIAMOND H’ 
Relays 


Handle Many Different Jobs 


“Diamond H” Series R hermetically sealed aircraft type relay 
perform outstandingly over ich a broad area that they are 
frequently used to do many different types of jobs in a given 
application. For example, they give excellent relhability in dry 
circuit 


yet will rry up to 10 ampere in power circuit 


or even 20 amperes for reduced hie requirement 


Savings inherent m unilorn ize and mounting arrangements 


for one relay family can be multiplied by the lower inventory 


of spare parts needed when a single model i ised for two or 
more functions. Matching or surpassing requirements of USAF 
Spec. MIL-R-5757B as well as important provisions of MIL 
R-25018, tens of thousands of Series R 4 PDT and DPDT 


relay in use, engineered for 


Various brackets of vibration resistance from 10 to 2,000 eps 


temper ire ranye fron h to 200 ¢ coil resistances 
from 1 to 50,000 ohms, operational shock resistance of 30, 40 
or overt 0°'G ind mechanical shock resistance to 1,000 “G 
contact capacities from 350 V D. ¢ 4100 MA, to 10 A 

0 V., D. ( is well as signal circuit 


For complete information, send for i copy of Bulletin R-250 


THE HART MANUFACTURING COMPANY 


211 Bartholomew Avenue, Hartford, Conn. 


pHa 


eT tay 


TINNED 


ARMATURE BANDING WIRE 


Stainless or Carbon Steel 


STAINLESS 


Low permeability and high resistance for 

greatest efficiency. High tensile strength 

for compactness and neat appearance. 

Non-corrosive for everlasting life and 

Wire or safety. Cheaper than bronze on equal per- 


Write formance basis 
fo our CARBON STEEL 


Monessen, Pa., 
office 


Today 


For motors under 5 HP. Fine working 
characteristics. Wide variety of uses. 


Shipped on 50 to 200-pound reels 


AgCO Page Steel and Wire Division 
- AMERICAN CHAIN & CABLE 


Monessen. Pa. Atlanta. Chicago, Denver, Detroit, Houston 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn 


0.1 per cent line and load regulation 
without the use of a chopper or a 
standard-cell reference. Ripple is less 
than | part in 50.000 

Output voltage provided can be any 
200-volt range from 1000 to 2000 volts 
a-c, Output current rating is 5 ma 

Stability and regulation are achieved 
through the use of a heavily preloaded 
high-gain regulator operating from a 
relatively “stiff” rectifier. The reference 
tube is operated in a selected current 
region, which is maintained constant by 
the action of the regulator itself. High 
performance characteristics are said to 
be obtained by the circuit which con 
tains only 5 tubes. including rectifres 
and reference. NJF Corp $45 Carnegie 
Ave.. Kenilworth, N. J 


Circle No. 48, Reader Inquiry Service Cards 
preceding back cover 


SOLENOID VALVE HEAVY 
FOR CONTROL OF 
HEAVY DUTY MACHINERY 


New packless Type H solenoid valve i- 
useful in the electrical control of heavy 
hydraulic machinery, including presses 
Designed for use with soluble oil, hy 
draulic oil, or water, at fluid tempera 
tures up to 212 F, Type Hi valves are 
of the piloted piston type. The valve 


bodies are cast from high pressure valve 


bronze in a globe pattern, with threaded 
ends. The pilot valve is stainless steel 
Main valve is a composition disk in a 
readily replaceable standard Jenkins 
size 

Major advantage of the Type H valve 
is that the valve can be fitted with a 
dashpot for the independent regulation 
of opening and closing speeds. A vent 
screw in the valve body adjusts the 
opening speed; a vent screw in the 
dashpot controls the closing speed 


Both adjustments are external, inde 
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Making Electrical Connections Under Pressure 


by Andy Wyzenbeek, Chief Engineer 


Fusite Hermetic Terminals with new V-24 glass use the principles 
of both fusion and compression between the metal and glass to 
assure a rugged air tight electrical connection. 

Where great pressures are involved either internally or exter- 
nally the limiting factor is often solder or other method of sealing 
rather than the junction of materials on the terminal itself. 

The same is true of Fusite Terminals in applications subject 
to extreme vibrations, or mechanical or thermal shock.’ 

Where one or more of these conditions exist, Fusite threaded 
bushing terminals have proved themselves capable of withstanding 
great punishment. The threaded mechanical seal together with 
soft solder, suitable gasket or epoxy resin extends the capacity of 
the connection and brings it more nearly to the high limits engi- 
neered into the Fusite Terminal itself. 


Threaded Bushing Terminal 
with Gasket 


\ 


Each of the three illustrated terminals are available in five 
different electrode treatments and come with standard threads as 
shown. In addition, for extreme pressure conditions, these terminals 
are made with tapered pipe plug threads. 

We were gratified and a little bit alarmed by a letter of inquiry 
received recently from a new user of a Fusite pipe plug terminal. 

“Thank you for the samples of your terminal and drawings of 
1/8 pipe plug. We tested several of these units to 29,500 PSI at 212 
and they did not fail. We are curious as to how much higher pres- 
sure they will stand.” 

We had to plead ignorance as to maximum pressure possi- 
bilities, but if you would like to test them in your own application, 
samples are yours for the asking. 


Write FUSITE, Dept. D-1, 6026 Fernview Avenue, Cincinnati 13, Ohio 


rrr, 


Pipe Plug Terminal 


‘ 


104 TB Series 105 TB Series 


8-32 Thread %” Hex Head 4-28 Thread 4%” Hex Head 109 TB Series 


ae TERMINALS s ¥,.24 Thread '4” Hex Head 


aad URS AM littl bei - U ong, i ‘ a 
y PERFORMANC bs 
, ny THE CORPORATION 
D7 2 
a 


6026 FERNVIEW AVE., CINCINNATI 13, OHIO 
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Live x SELECTING 


a 


me ran 


WILL HELP YOU SIMPLIFY 
REMOTE SELECTION of CIRCUITS! 


ea 


- 
* 
ax a 
— ; 
a 


A few examples of standard Model Ledesx relays. Use the 


1” squares in the background to estimate size of the relays. 


ledex Relays are available to perform 
a variety of switching jobs... 


STEPPING ...COUNTING... ADDING 
AND/OR SUBTRACTING ...PROGRAMING... 
CIRCUIT SELECTING...and HOMING. 


, 


SEND US, ON YOUR LETTERHEAD, THE 
DETAILS OF YOUR SWITCHING REQUIRE- 
MENTS AND LET LEDEX ENGINEERS 
WORK WITH YOU TO DETERMINE 
IF LEDEX RELAYS ARE THE ANSWER. 


oe 4 A 
oe 


wr 
. 


We, 


123 WEBSTER STREET, DAYTON 2, OHIO 


IN CANADA. MARSLAND ENGINEERING LTD, KITCHENER, ONTARIO 


pendent, and can be made with the 
system under pressure 

Normally closed valves without a 
dashpot can be supplied with a hand 
lift for manual control or with a meter 
ing stem to throttle the flow. The meter- 
ing stem can be used also for the emer 
gency return of an elevator in case of 
mechanical or electrical failure 

soth normally open and normally 
closed Type H valves have a uniform 
working range of 300 psi maximum 

Valves feature ease of access. The 
entire solenoid may be taken off the 
valve body, while the valve body re 
mains in the pipe line, and the operat- 
ing mechanism serviced without break- 
ing the electrical connections where 
flexible conduit is used. Magnatrol 
Valve Corp. 67 Fifth Ave., Hawthorne, 
N. J 


Circle No 49, Reader Inquiry Service Cords 
preceding back cover 


HEAT EXCHANGER 


Recommended for use in closed-system 
liquid circuits, Model A Heat Ex- 
changer has a 3 kw capacity and finds 
application in dielectric heating ap- 
paratus, and similar devices incorporat 
ing liquid-cooled vacuum tubes. 

Ihe exchanger, which weighs 12 Ib, 
is available in either Type 1-3000, 
which has liquid flow capacity of 4 gpm 


A 


or Type 2-3000, which has liquid flow 
capacity of 9 gpm. Heat capacity is the 
same for each type. The fan motor is of 
the shaded-pole type and connects to a 
l-phase, 115-volt, 60-cps supply line 
Rotron Manufacturing Co., 79 Schoon- 
maker Lake, Woodstock, N. Y. 


Circle No. 50, Reader Inquiry Service Cards 
preceding back cover 


SENSITIVE VACUUM SWITCH 


Specifically designed for use on very 
low vacuums where regulation is re- 
quired in inches of water column, Cata- 
log 110 vacuum static pressure control 
finds wide application as an air vacuum 
interlock switch for equipment requir- 
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9 Waldes Truarc Rings simplify assembly, eliminate parts, 
bring big over-all savings to new design low-cost camera 


Anscoflex Il Camera 


Key Shaft 


Parts originally designed for self 
locking Truarc ring (series 5105) 
Some cameras in the past had 
brass cup staked to the body. At 


times staking operation cracked 


the plastic, resulting in loss of ex 


Portrait and Filter Lens 
Knob Assemblies 


Old way: Knob with plastic shaft used washer 
and heat forming operation that flattened the 
plastic pin and locked the pivot in position 


Trvarc way: Molded plastic knob with pin is 
easily and quickly held by a Truarc self-locking 
ring (series 5105). No groove is necessary. Washer 


7 


pensive part 


Winding Knob 


Old way: With screw and washer design, it was 
necessary to disassemble entire camera to remove 
screw which secured winding knob. Self-topping 
screw sometimes failed to secure knob, produced 
excessive end play 


is eliminated and it is possible to remove ring 
if necessary without damage to knob. 


Flash-Gun Case Assembly 


Old way: In the original design a sleeve was 
wrapped around neck of screw and pressed into 
hole of plastic cover. Close working areas made 
assembly difficult and required extra operation 
to lock ring into place 


Rear Len 


Parts originally designed for 


self-locking Truarc ring (series 


Trvarc way: Truarc “E” ring (series 5133) allows 
removal of winding knob without major disas 
Use of 
stacked rings and Truarc applicator saved $10.40 
per M on labor. Material saving: $2.29 per M 


sembly of camera, reducing repair time 


Ansco, Binghamton, N. Y., uses the latest technical advances in 
construction to produce an economical, easy-to-use reflex camera 
5 Waldes Truarc Rings are used in this new design to save material 
and labor costs, eliminate parts, simplify assembly and reduce rejects 


Whatever you make, there’s a Waldes Truarc Retaining Ring de 
signed to improve your product ...to save you material, machining 
and labor costs. They’re quick and easy to assemble and disas- 
semble, and they do a better job of holding parts together. Truarc 
rings are precision engineered and precision made, quality con- 


5005) Some cameras in the past 
had glass element secured by heat 
forming tabs from plastic body 
Loose or chipped elements re 
sulted in loss of both parts 


Trvarc way: Series 5133 E-Ring snaps onto un 
threaded shank of screw quickly, needs no special 
groove. Labor saving $7.06/M 


trolled from raw material to finished ring 


36 functionally different types 
within a type 


as many as 97 different sizes 
5 metal specifications and 14 different finishes 
Truarc rings are available from 90 stocking points throughout the 
U. S. A. and Canada 


More than 30 engineering-minded factory representatives and 700 
field men are available to you on call. Send us your blueprints 
today let our Truarc engineers help you solve design, assembly 


and production problems. ..without obligation. 


For precision internal grooving and undercutting ...Waides Truarc Grooving Tool! 


Send for new catalog supplement 


WALDES 


- TRUARC 


RETAINING RINGS 


Waldes Kohinoor, inc., 47-16 Austel Place, L. 1. ¢€.1, 6. Y. 
Please send the new supplement No. 1 which 
brings Truarc Catalog RR 9-52 up to date. 


_ 
| 
| 

(Please print) 

Name | 

Title j 

Company | 

Business Address 

City 


Zone... State 


ws ozs | 
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WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426 


> 


2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081, 


2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Patents pending. Equal patent protection established in foreign countries 
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AFFILIATE OF 
GENERAL CERAMICS 


agn ell ¢ CORPORATION 
mplifiers -inc 
—announces its new 


| VARIABLE 
| SPEED DRIVE 


MAGNESPEED 
ET 


SIZE ll — 
%) 3/4, 1 and 1-1/2 HP 


SIZE |— 
1/4, 1/3 and 1/2 HP 


Stepless, instant 

starting, compact, 

50:1 speed range, 

good regulation with- 

out tachometer, long 

life, virtually mainte- 

nance free service, low cost, 

fast response, reversibility, dynamic brake, local 


or remote control. Write for Bulletin SS80-5-55. 


Other MA Products and Services 


Magnetic Servo Amplifiers 
Transi-Mag * Amplitiers 

Analog Computors 

Photoelectric Controis 

DC and AC Regulated Power Supplies 


Application engineering and conversion of tool ma- 


chines and production processes to automatic control. 


¢ aM, 
Magnetic Amplifiers «inc MA? 
5 


eo 
Tel. CYpress 2-6610 * 632 TINTON AVE., NEW YORK 55, N. Y. > 


+ . 
: 


ing safeguards to assure a specific vac 
uum to prevent a hazardous condition 
It is suitable for use in combustion, air 
conditioning, and other — industrial 
equipment 

Range is adjusted by means of a 
knurled knob located outside the hous 
ing. Standard units available for 0-1 in 
water column vacuum and 0-4 in. water 
volume vacuum. Minimum on-off differ 
entials of 0.1 in. water column are 
available 

Electrical ratings of the SPDT switch 
are 15 amp at 120-250 volts a-c 1% hp 
or 125 volt-amp pilot duty. The Henry 
(,. Dietz Co., 12-16 Astoria Blvd., Long 
Island City 2. N. ¥ 


Circle No. 51, Reader Inquiry Service Cards 
preceding bock cover 


COMPACT 30-KW LIQUID 
COOLED GERMANIUM POWER 
RECTIFIER 


Occupying a volume of only 190 eu in 
30-kw liquid cooled germanium power 
rectifier has been designed for a-c to 
d-c power conversion where high power 
output, high efficiency, and negligible 
aging are required. The rectifier may 


be connec ted ds a three phase half wave 


unit, for a six-phase star operation, 
three-phase center tap, or as a dual 
three-phase half wave unit to be used 
with interphase transformers. Depend 
ing on the cireuit, output currents o 
40 to 750 ma can be obtained. The 
assemblies can be supplied for input 
voltages of 26 to 66 volts rms maximum 

Rectifier design provides for superior 
cooling using a liquid coolant at a maxi 
mum inlet temperature of 30 C and a 
volume of | to 4 gpm. 

The liquid-cooled germanium power 
rectifier is suitable for all types of d-« 
load requirements except those requir 
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Extruded Shape Cus 


A Ward Leonard Type M Vitrohm 


rheostat using contacts made from 


extruded sh pes 


> eee 
TT 


Ward Leonard Electric Co., Mount Vernon, N. Y., makes 
a line of high quality powel rheostats marketed under the 
trade-name Vitrohm. Anywhere from 41 to 161 individual 
stationary contacts, or buttons, have to be embedded with 
Ingenious application eliminates their resistance elements in an insulating vitreous enamel 


all contacts uniformly set and spaced, for uniform perform 


hand assembly, makes absolutely ance, Their patented process origin illy used buttons blanked 
. . . out of sheet bra hand assembled and spaced on a steel 
uniform stationary contacts in vire to hold them while the vitreous enamel was fired 
Ward Leonard power rheostats ‘ware Leonard refined the process and for four models 
now starts with the ¢ truded shape s shown above. The stock 
— is accurately slotted for correct spacing forming a continu 
ous line of buttons connected by a triangular “wire which 
is an integral part of the ¢ truded sh ipe. W hen sections are 
curved, the buttons remain uniformly Spi ed and oriented 
After the button assemblies are embedded in the vitreous 
enamel] the connecting Vire Is Ca ils milled olf W irc 
Leonard gets absolute uniformity with less effort and fewer 
rejects—it gets healthy dollar Suvings cle spite the fact that 
more than half of the extruded shape is milled out 
Imagination applied to extruded shapes can pay big 
dividends—lower direct labor costs—fewer machining opera 
tions—less scrap—improved product quality. Your Anaconda 
representative will be glad to work with you. The American 
srass Company, Wate rbury 20, Conn, In Canada; Anaconda 
American Brass Ltd., New Toronto, Ont ‘ 


ANACONDA 


EXTRUDED SHAPES 
CROSS SECTION VIEW of a Ward Leonard Vitrohm Type S rheostat 


showing how contacts are embedded in a vitreous enamel Short cuts to a finished product 
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" eS 


MODEL B 


4 pole,4-coilshaded 
ole AC Inductior 


MODEL A 


a-pote shaded pole 
AC Induction Type 


MODEL C 


2-pole, shaded pole 
AC Induction Type 


MODEL E 


4-pole, shaded pole 
AC Induction Type 


I{NDURING 


AS AN ELEPHANT! 


General Industries 
FRACTIONAL HP. MOTORS 


1/40 HP. to 1/1100 HP. 


Dependable power for years of 
trouble-free performance is a prime 
factor in every GENERAL INDUS- 
TRIES FRACTIONAL H.P. MOTOR. 


™ For over a quarter of a century, original equip- 
ment manufacturers have been relying on Gen- 
eral Industries 1/40 H.P. to 1/1100 H.P. motors. 
They've learned by experience that for longer 
life, ruggedness and quiet operation, Gl motors 
can't be beat! They like General Industries free 
design consultation service and right-on-the-dot 
deliveries, too. Whatever your fractional hp. re- 
quirements may be, you, too, will find that, — 
it pays fo rely on Gi! 


Write for complete specifications and 
quantity-price quotations. 


eo 
- 


MODEL D MODEL O MODEL F 


4-pole,4-coilshaded + 2-pole Capacitor ¢ 2-pole, shaded pole 
pole AC Induction Reversible Type AC AC Induction Type 
Type ° only (for 6, 12, of 
24 volts) 


ieee 


DEPARTMENT GL °* ELYRIA, OHIO 


ing heavy surge currents or subject to 
heavy intermittent overloads or occa- 
sional short circuits. Unlimited opera- 
tion life can be expected over a tem- 
perature range from —55 C to 75 C 
maximum when equipment is designed 
to operate within spec ified voltage, cur- 
rent and temperature rise ratings. Inter- 
national Rectifier Corp., 1521 E. Grand 
Ave., El Segundo, Calif. 


Circle No. 52, Reader Inquiry Service Cards 
preceding back cover 


TIME DELAY RELAY FOR 
USE AT 125 C 


Time delay relay, Type TRH, is capable 
of dependable and repeatable perform. 
ance in ambient temperatures of 125 C 
A temperature-compensated — thermal 
unit, the relay operates on voltages up 


ny 4 
ph) 


to 125 volts, with time delays available 
between 1 sec and 1 min. Relay is 
hermetically sealed and meets the en- 
vironmental requirements of high speed 
military aircraft, including vibration up 
to 500 cps. Branson Corp., 113 Cornelia 
St., Boonton, N. J. 


Circle No. 53, Reader Inquiry Service Cards 
preceding back cover 


TERMINAL STRIPS WITH 
POST-TYPE BARRIERS 

AND STUDS 

Terminal strips, featuring post-type 
barriers and studs for attachment of 
single or multiple terminal-ended or 
looped wired, are compact lightweight 
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meets MIL-ST D-242 and 
NAVORD OSTD 
600-7-3.02.29(int.) 


pre-formed-moulded 


NYLOCLIPS 


Nyloclips fill the bill completely on all applications 
requiring light, self-insulating cable clamps. Sev- 
enty per cent lighter in weight than comparable 
metal clamps. Smooth, non-abrasive surfaces; 
rounded edges will not chafe conductors or cause 
grounds or shorts. Insulating properties reduce 
failures caused by grounds and shorts. Insoluble in 
common solvents, alkalies, dilute mineral acids 
and most organic acids. Retains strength at tem- 
peratures up to 300° F, (150° C.), and is unaf 
fected by petroleum oils and greases, lubricants, 
hydraulic fluids, lactic acid and photographic solu- 
tions. Good for —60° F.. to 300° F. 


SAMPLES of these Burndy Nyloclips will be sent you without 


cost upon your written request 


Norwalk, Connect. « Toronto, Canada + Other Factories: New York, Calif., Toronto « Export: Philips Export Corp. 
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Noise Free 
A. Cc. Power! 


NEW CURTISS-WRIGHT 


DISTORTION ELIMINATING 
VOLTAGE REGULATOR 


@ Reduces typical power line 
tion to less than 0.3% 


@ Furnishes 1.4 KVA of distortion-free 


power 


distor- 


Electronically regulaies 115 V out- 
put to 1% 
Recovery time less than 1/50 cycle 
Provides additional 4 KVA of 1% 
electromechanically regulated 
power 

Electromechanical time constant 
only 0.6 seconds 


Electromechanical regulator, 
usual 


unlike 
magnetic voltage stabilizer, 
introduces no distortion or 


shift 


phase 


Here at lasti 
disturbing 


the ideal solution to the 
problem of harmonics and 
kk frequency 
115 \ 


compact 


nos 
power 
package, every 
obtain both 


appearing mn 


OO ¢ 


sources. In one 


laboratory 


Cah rhoOwW 


1) distortion-free, regulated power 


when needed, and simultancously 


supply of ek 
ulated power 
normal ling 


pa large tromechan- 


rally reg for applica- 
where 


tolerable 


tions distortion 1s 


In addition to it 
this 


general laboratory 
utility ideally suited 
bility inac- 
computer system null- 
Many other 


model 


instrumenti 


for preventing insta and 
curacy in ac 
ing operations 
tions. 230 V 
Immediate delivery 


Carlstadt, N. J. Writ 


applica- 
available 
$1,689 f.o.b 
for details 


also 


Component & Instrument Department 


eee ee. | 


ANE WRIGHT 


ar eh 


| Ware 


units readily adaptable to 
ing requirements 
The new terminal 


No. 6 


eircunt 


available 
through 20 


Irips are 


with from | 


No 


ulls 


studs in 
No. 8 or 
16 ecire 


and iti 


with 10 studs in 


from | through and with 


in “6 nm 
through & 


studs in from | 
circuits 
can bye 


su | | { % 
ppitea “o Vatiou 


Mil 


grades 


molding compounds, either per 


specifications 


with 


or in commercial 
also 


ba ‘ 


strip 


various type of hardware 


eu in ulating 


trip ind bus 


[ustration shows representative 

left to 
elf-locking 
and single 
Klectrical er tea 
2. Hillside. N 


Service 


three-cireuil 


strip with (from 


right) single hardware 
double 
Buchanan 
Corp.. 22 
Circle No. 54, R 


pre 


with 


nut hardware hard 


) Route , 


ader Inquiry 
eding back cover 


Cords 


MOTOR MOUNTING FASTENER 


Adapt ibyle 
tor 


to any standard electric mo 


rated up to %4 hp. new 


Speed ( lip 


motor mounting fastener provides a firm 


ithachment 


Vibrations and 


sembly is 


tener Is 


under severe 
turting 


Lorques \ 
the fa 


simple 
one end of ‘ Lippe d over 


i notch on the motor mounting bracket: 


a 


of 


with a 


the 


simple 


other end 


clip is then 
tool 
ot 


sembly 


“Tha po pee d 
down 


thie 


noteh 
bracket to 


Iwo ‘ lips 


over a 
the 


on oppo ile sicle 


complete the as 


are 
Prod 
6688. 8700 Park 


used per application. Tinnerman 
ucts, Ine., P.O 
Kd., Cleveland 


Circle 


Box 
( Ihio 


No. 55, Reader Inquiry Service 
preceding back cover 


Cards 


SINGLE TRACK MAGNETIC 
HEAD FOR MEMORY 
DRUM UNITS 


track 
drum units have 
to 80 
ead with a 


Single 


inductance 


magnetic lor mem 


ory value s 
mh 
10-mh value per coil 


40 mh with both coils in series) ; 40 ma 
saturate 
a l-mil coating of red oxide on a drum 
at 0.002 to 0.004 in. 
drum 


from | In production is a 


(or 


writing current will completely 


spacing from the 
Packing densities may be used to 


iM 


ww (yy 
thi 
WEEN) oy 


ond 


| 

oe | 
f *° for A.C. le 
ea current 


ANYWHERE! 


To Expaud Your 
AC Product Sater! 


{ pin} [ 
A 


it 
ir ™ 
(} ry | 


STANDARD and HEAVY Duty §f 


mati to pec y 
Jesiagr for perat 1 A 
_ 
\ 
~ 


A 


‘ 
{ 
ysten 
from D. ¢ 
Ships 


a 


—* 
& 


a 


vV NEW MODELS 
</ MEW pEsIeNs 
</ MEW ciTeRATURS 


See youn jobber on write factory 


AMERICAN TELEVISION & Ravio Co. 
LZuatety Products Since1931 


SAINT PAUL 1, MINNESOTA—VU. 5. A. 


“A Battery Eliminators, 
OC-AC inverters, Avte 
Redic Vitrators 
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THE NAME 


Everything that means better insulation! 


@ What explains the increasing trend toward Irvington as the single 
source for a complete line of flexible, electrical insulations? Simply 
this: there's more behind your Irvington representative. In his current 
Irvington line he can show you the right type of insulation—Class A, 
B, or H—for most design needs—for insulations that fully meet NEMA 
standards. Or he can act swiftly to bring you Irvington coated mate- 
rials that meet the even more rigid specifications you may require. 

For behind this man and his technical knowledge of the wide, com- 
plete range of coated products is the factor of Irvington leadership... 
in modern coating and processing equipment...in technical skills...in 
quality control from raw materials through finished products. Since 
1905 Irvington research has led in meeting and anticipating each new 
demand or requirement of our industry. You address yourself to all 
these factors—and more, when you talk to your Irvington man. 


Electrical insulation Extruded Plastics Product Sealing 


Class “AN, “BY, ner For packaging, Materials 
Laminates and materials trans- Cap Liners 
Coated Materials fer, glazing Separator 

Plastic Tubing and Materials 


ape Chemical 
Insulating Varnishes 


and Papers Specialties 
Oil S Basic Chemicals 


Crepe Paper intermediates 


KEADEK INQUIRY SPRVICk © AKDS PRECEDING 


IRVINGTON ? 


123 


Irvington 123 Passes 
Mil-V-1137A Specification 
with flying colors 


@ This clear Internal Curing Baking 
Varnish with its excellent stability 
and flexibility is another example of 
an Irvington product well suited to 
both governmental and commercial 
insulation requirements, Its other 
qualities include: excellent oilproof 
nes good resistance to moisture and 
chemicals, and outstanding penetra 
tion and adherence to unde rlying sul 
faces. Its thorough curing eliminates 
danger of wet, sticky interiors. Write 
for full details. 


IRVINGTON 


PALE 





s 


Servo Motor 
MORE, POWER TO YOU! 
MORE POWER OUTPUT 


if 


7 


200 Watt A.C. Low Inertia Servo Motor 


Short life, overheating and 


rewards when you use an underrated Servo Motor on a job demanding a 
bigger rating. If faster re 


to solve existing problems in 


investigate 


The DIEHI 


successful in overcoming pré 


of continuo 


rated temperature rise when excited at rated volt igze 


is] deliverit 


ig 
6 


as litable polyph ec powc! 
inertia Servo Motors feature 
A look at the other specifi 


may reveal many practi 


Motors in y 


Servo Motors rated up to 1 HP 


Booth 3 
RADIO 
ENGINEERING 
SHOW 
Kingsbridge 
Palace, N. Y. 
MARCH 19-22, 
1956 


yur Operation 


Di 


Output (watts 


unsatisfactory 


response—these 


sponse and more output are w 


itt output) Servo Motor has pr« 


your Servo Motor applications 
DIEHL Servo Motors 


. %q HP (200 w 


4 FASTER RESPONSE 


are your only 


hat 


you 


need 


it’s time to 


yblems in a wide range of applications 


rated maximun 


1 output withe 


irce, these « pen type 60 and 


inintegr illy-m« 


ition ind at 4 


il use 


inted auxiliary 


for these higher powered DIE 


put 


400 
mot 


ved es pec ially 


iS ipable 


exce 


and frequency 


eding 


from 


cycle low 


r-blower 
ir Servo Motor requirements 


ZHL Servo 


Write today for complete information on 


750 watt output 


SPECIFICATIONS 


EHL Number 


} 


Frequency (cy< les) 


Poles 
Reference Phe 
Control Phase 


Reference Pha 


Control Phase 
Control Phase 


Locked Torque 


sse (volts) 

(volts) 

se (watts) 

(watts) 

Impedance (Ohms) 
p (Oz. In.) 


Moment of Inertia (Or. tn.’) 


Theoretical Ac« 


Weight 


eleration (Rad sec 


‘) 


| ZP105-2212-1|\ZP105-2217-1 


200 
60 
115 
115 
380 
380 
30 
190 
664 
11100 
14 Ibs. 8 oz 


other available components 
A.C. SERVOMOTORS * A.C. SERVOMOTORS WITH A.C. TACHOMETERS 
* A.C. SERVOMOTORS WITH D.C. TACHOMETERS 
TACHOMETERS © D.C. SERVO SETS * RESOLVERS 


A.C. AND D.C 


4 


14 Ibs. 8 ox. 


EM 25¢ 


200 
400 
6 
115 
115 
410 
410 
19 
105 
6.60 
140 


DIEHL MANUFACTURING COMPANY 


Division of THE SINGER MANUFACTURING CO 


Electrical 


Finderne Plant 


SOMERVILLE, 


Pe 





100 per in. Readback voltages: to 1.5 
volts peak to peak, depending on clear- 
ance from the drum. Each coil may 
be utilized separately, in series or 
center-tapped. J. B. Rea Co., Inc., 1723 
Cloverfield Blvd., Santa Monica, Calif. 


Circle No. 56, Reader Inyuiry Service Cards 
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VOLTAGE-SENSITIVE 
CAPACITORS 


Series of voltage-sensitive ceramic ca- 
pacitors have lowered capacitance val- 
ues that range from 300 mmf down to 
100 mmf. The capacitance of these 
units, Types LVSR and LVSE, may be 


2 


decreased as much as 60 per cent by 
the application of d-c potential up to 
200 volts. 

Temperature-sensitive Type LVSK 
has maximum sensitivity at room tem- 
perature; Type LVSE has _ voltage 
sensitivity at approximately 70 C. Both 
types are housed in a steatite tube ap- 
proximately 72 in. in diam and ap 
proximately 2 in. long 

Applications include use in dielectric 
amplifiers and for tuning and frequency 
control. Mucon Corp., 9 St. Francis St., 
Newark 5, N.J 


Circle No. 57, Reader Inquiry Service Cards 
preceding back cover 


MAGNETIC INFORMATION 
STORAGE DRUM 


Magnetic information storage drum, 
Model ERA 115, has a capacity of 
42.000 binary digits and a nominal 
speed of 3550 rpm. Applications: stor- 
age of information with such com- 
puter elements as digitizers, punched 
cards or tapes, magnetic tapes, electric 
typewriters, high-speed printers, and 
graphic display platters. The drums 
have non-contact recording and lay- 
back, alterable yet nonvolatile storage, 
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The Engineer from Continental Screw Co. ... 


a 
; , oho 


...makes Phillips “Bits-Holders-Screws’” for 
you—another exclusive from Continental 


This 3-way fastening combination 
makes power-driving practical 


anufacturers have cut fastening costs up to 
50% by switching to Continental’s Phillips 
““Bits-Holders-Screws.”’ This 3-way fastening com- 
bination, exclusive with Continental, makes power 
driving really practical—even on your finished parts. 
Did you know, for example, that just one size 
Phillips Driver will drive 85% of all Phillips Screws 
used in industry? And just four sizes of Phillips 
Drivers will fit the entire range of screw sizes? 
Remember, no other company makes Phillips “Bits- 
Holders-Screws.” And Continental offers you a com- 
plete selection of other Phillips fasteners, too. Talk to 
the engineers at Continental about the money you can 
save with power driving. Call them today. 
Free Booklet: Continental Screw Co. offers you a 
free booklet on Hy-Pro Phillips Insert Bits and Hold- 
ers. Just send your name and address to Continental 
Screw Co., New Bedford, Mass. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


ay ] ee 


> 


Only Continental Makes 
Phillips ‘‘Bits-Holders-Screws’’ 


remem 

’ urn 2 
a 
mR 


MEMBER OF THE SCREW RESEARCH ASSOCIATION tat 
% 


You Can Always Count on ( ‘ontinental 


Continental Screw Co. 


Manufacturers of Holtite Fastenings 


New Bedford, Massachusetts, U.S.A. 





E 7 L 0 PARTS OR MATERIALS 
FOR UHF APPLICATION? 


FOR MINIATURE AND 
SUB-MINIATURE COMPONENTS? 


YOU CAN GET JUST 
WHAT YOU WANT 9 Sue 


Model ERA 1114 offers storage of in 
formation on over 20 information tracks 
by means of magnetized spots or binary 
digits. It has a vertically mounted, in 
tegral drive motor and is constructed to 
withstand extreme environmental con 
ditions. Remington Rand Univae Div 
1902 West Minnehaha Ave. St. Paul 
Minn 

FOR: insulators of all types, sleeves eee aoe — 

or inserts, capacitor seals, feed 
through insulators, bushings, slot 
liners, coaxial spacers, layer insu- 


lation or any other parts or forms 


LINEAR ACCELEROMETER 
FOR AIRCRAFT, MISSILES 


lesigonec ‘ al lliss é ‘ cratt 
thermal shock, extreme tempera- Designed for both missile and airerat 
applications, Model GG22 Series linear 


subject to high charge, extended 
frequency range, mechanical and 


tures and climatic conditions 

iwecelerometers sense positive or nega 
You can order in any quantity and tive accelerations, or both, in either the 
be sure of true Teflon performance, vertical or horizontal planes. The series 


because “John Crane’ gives you contains models for ranges from less 


. th 0.5 g full seale to more the 
these plus factors: complete uni- - = Se -_ 


formity throughout, high density 
control, freedom from flaws and rig- 
id adherence to your specifications, 


“John Crane's’? complete fabrica- 
tion facilities assure you prompt 
delivery on exactly what you want. 
If you have an entirely new require- 
ment, no standard design or proce- 
dure—‘John Crane’s”’ laboratory 
facilities, know how, research and 
engineering experience go to work 
on your particular need. 


Now is a good time to put “John 


*TEFLON DuPont Crane” to test. Contact Crane 
trademark 


Packing Company today. 


( Pacl ( 90 g. depending upon requirements. A 

rane i ny 

Dielectric Strength: 480 v/mil ote we r current design Model GG22B-1, has a 

Dielectric Constant (60 to 10° cycles): 2.0 6424 Oxkton St., / range of , g 

Power Factor (60 to 10° cycles): < 0.0005 Morton Grove, ill. Linearity of the Model GG22 Series. 
*hicag : | gy scale fi ‘ hysteresis, is 

Surface Resistivity: 3.6x 10° megohms ( hicas v Suburb) oe luding ile factor and h we « 


Surface Arc-Resistance: does not track In 


Volume Resistivity: 10°? ohm-cm 


Canada: Crane Bg +2 per cent maximum. Depending on 
Temperature Range: —450 to +500 F Packing Co.,. Ltd : the “g” range, the natural frequency 
Chemical Resistance: completely inert 


: ‘ter esolution nearity 
‘ Hamilton, Ont ind potentiometer resolutio lineari 
Moisture Absorption: zero 


can be as low as -~().5 per cent and 
threshold as low as 0.009 g 

Model GG22 is said to meet environ 
mental requirements of MIL-E-5272 


OPFICES IN ALL PRINCIPAL CITIES Power requirements: 28 volts d-c at 0.5 
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Carboloy Trends and Developments 
for Design Engineers... 


® How complex permanent-magnet assemblies are built 
to desired field patterns from simple magnet shapes 


G-E Alnico magnets provide 
unlimited design flexibility 


The fundamental problem in design- 
ing with permanent magnets is how 
to provide a specific magnetic flux 
in a desired field pattern 


In solving this problem, a designer 
can choose from seven General Elec- 
tric Alnico grades, hundreds of styles, 
weights from a fraction of an 
ounce to a hundred pounds. He can 
use magnets with two poles —or 
many poles; with poles at the ends 

or anywhere along the magnetic 
ax1s 


This all gives tremendous flex- 
ibility to the design of permanent 
magnets and magnet assemblies. But 
precisely because there are so many 
sizes, shapes, strengths, and othe 
this flex 
ibility can make the designer’s job 


far more complicated 


factors to be considered 


So, to help give a clearer under 
standing of what can and cannot be 
done with G-E Alnico permanent 
magnets, we have prepared thi 
description of basic magnet shapes 


The simplest forms of a permanent 
magnet are the bar and rod. They 
are normally salient (i.e., the poles 
occur at the ends), and may be of 
any cross-sectional area 


U- and C-shaped magnets are simply 
bars “bent” to bring both poles to 
the same plane 


Carry the bending process to its 
ultimate conclusion and you have 
the cylinder (see top of next column) 
with or without the hole. A cylin- 
drical magnet can be magnetized 
vith as many poles as desired on the 
outside diameter (A), or the inside 
diameter (B). Not only can the size 


LADEI DS, PRECEDING 


and shape of the hole be varied, but 
the magnet can be made salient (B) 
or nonsalient (A) 


So 


All other 


tions on the original themes, even to 
uch nonstandard shapes as these 


SD 


Use of pole pieces adds 
to design possibilities 


One basic use of pole piece 


forms are merely varia- 


provide a return path for the 
netic flux. Pole pieces may be 
(B), or laminated, like thi 
ator magnet (A) 


Designers can easily assemble pole 
pieces and properly shaped perma 
nent magnets to obtain their required 


field pattern 


One version is this ator assembly 
designed to provide irher poles. The 


design can be altered in various 
ways, depending on mechanical, 
space, magnetic, or physical prop- 
erties required 


“Carboloy” is the trademark for products of the Carboloy Department of General Electric C 


For example, here is another 4 
pole magnet using soft steel. It is 
also possible to construct an assem 
bly with as many poles as required 
by using a number of bar magnets 
) 


or by using one 2-pole magnet 


Pe rhaps the most important consid- 
eration in the design of 
assemblie is the 

the air gap. These air gaps 


ingle (A), double (B), or 


magnetic 
amount of flux 


Soft-steel pole olten 


used to complete the magnetic cir 
? 


pieces are 


1 allowing maximum flux density 
though the air gap, with a minimum 
amount of permanent-magnet mate 
rial. However, there are a consider 
able number of variations possible, 
either with or without pole pieces 
Our G-E magnet engineers have 
broad knowledge and « xperience in 
the design and construction of per 
manent magnets, pole pieces, and 
They will be more than 
happy to share their knowledge with 
you. There is no obligation, and all 
held in strictest 
confidence. A letter to us will get 
them to work on your problem im- 
mediately 

And keep in mind the Carboloy 
products that perform a myriad of 
important jobs throughout industry 
cemented carbides for 
Weal Thermistors for 


all Raps 


information 1s 


combating 
detection 
measurement, and control of minute 
temperature variations: Hevimet for 
high-density and radioactive-shield 
ing applications; and vacuum-melted 
metals and alloys 


ompan y 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 


11131 E. 8 Mile Ave., Detroit 32, Michigan 


CARBOLOY 
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LONG NOSE PLIER 
307-5-Val —Extremely 
slim pottern ideal for 
the really tight spots. 


Jews ore knurled to in- length of cutting knives 
sure a positive grip. works flush against cut- 
Wz ting surface. 5 


KLEIN 


Quality Pliers 







SPE CIALLY DESIGNED 


FOR THE ELECTRICAL INDUSTRY 


Now, Klein quality pliers are ready for work. All are hammer 


available in new compact pat- _forgedfromhigh-gradetoolsteel, 
ternsforprecisionwiringandcut- _ individually fitted, tempered, 
ting in confined space. Note,too, adjusted and tested—made by 
the replaceable leaf spring that plier specialists with a reputa- 
keeps the plier in open position, tion for quality “since 1857.” 


OBLIQUE CUTTING 
PLIER — 210-51 — For 
cutting small wires or 
trimming plastic. Entire 










or 6-inch sizes. JA 


DP 





CHAIN NOSE PLIER 
317-5L—A full inch 
smaller than standard 
potiern. Has a very fine 
knurl that will not dam- 
age soft wire. Also 
evailable with- 
eovt knurl, 





LIGHTWEIGHT 
OBLIQUE CUTTING 
PLIER 209-5 —smalier 
than 210-51 with an ex- 
tremely narrow head 
Entire length of cutting 
knives works flush 


AL ‘ against cutting surface. Vy \ 


- Y 





TRANSVERSE END 
CUTTING PLIER 
204-6 — Useful in pre- 
cision work where or- 
dinary oblique or end 
cutters are too bulky. 
Gives a clean, flush cut 
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NEEDLE-NOSE 
PLIER 203-6-spc4— 
Specially designed to 
reach into confined 
spaces. Tip of nose 
only 1/16 in. di- 
ameter. Nose of plier 
tempered to prevent 
4 distortion. Leaf 
Jj @ spring keeps plier 
WA open, ready for use. 
é Ye Alse available 
without spring. / 


Foreign Distributor: 
International Standard 
Electric Corp., 

New York 


This Klein Pocket Tool — 

Guide gives full infor- ASK YOUR SUPPLIER 
mationonalltypesand 

sizes of Klein Pliers, = | 


A copy will be sent | 
without obligation. 


i 


“Since 1857" ———= 


rn 4 pe 


Pe ee ee eS 





watt; weight, approximately 0.9 Ib; 
size, 3.255 in. out to ends of mounting 
base x 2.293 in. overall height x 2.320 
in. diam. Doelcam, Div. of Minneapolis- 
Honeywell, 1400 Soldiers Field Rd., 


Boston 35, Mass. 


Circle No. 59, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE CAPACITORS FOR 
RF INTERFERENCE 
SUPPRESSION 


Miniature paper dielectric feed-through 
capacitors are hermetically sealed and 
designed for use in r-f interference sup- 
pression. Operating temperature range 


from —-55 to 85 C for Type and 


271 
from 55 to 125 C for Type pie 
Type 271 meets applicable environ- 
mental requirements of MIL-C-25A for 
characteristic E; Type 272, for charac 
teristic K. Type 272 units may be used 


at 150 volts a-c from 60 to 400 cycles, 





and Type 272 units at 300 volts a-c 
from 60 to 400 cycles. Both types with- 
stand a d-c test voltage equal to twice 
rated d-c voltage or a 60-cycle a-c test 
voltage equal to twice the recommended 
a-c voltage rating for 2 min max when 
applied between case and either ter- 
minal. Maximum permissible current 
rating is 5 amp d-c or equivalent. Power 
factor is less than 1] per cent when 
measured at or referred to a frequency 
of 1000 cycles at 25 C. Gudeman Co., 
340 W. Huron St., Chicago 10, Ill 


Circle No. 60, Reader Inquiry Service Cards 
preceding back cover 


3-POSITION, 4-WAY DOUBLE 
SOLENOID AIR VALVE 


Three-position, 4-way double solenoid 
air valve features a neutral position. It 
is available with either open or closed 
centers. 

On the open center type (Model No 
1013) both cylinder ports are open to 
exhaust, and pressure is blocked when 
solenoids are de-energized leaving the 
cylinder rod in a free state. When en- 
ergized, one port opens to line pressure, 
the other remains open to exhaust. 

The ports of the closed center type 


(Model No. 1023) are blocked from 
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to many low-level conversion problems 


In circuits 1 through 3 below, the carrier varies the internal resistance of the rectifiers be 
tween high and low values. In circuit 4, the modulator acts essentially as a synchronous switch 


SCHEMATIC 


CX3E40D395 ei 
QUO 
AARIER 


WW tt 
REFERENCE TRANSFORMER | 


w % 
| 


AC REFERENCE alk 
SIGNAL INPUT « > 
: : ] 
t 


rt 


a. 4 


4 
Ll 

wa 

229 — 


CARRIER 


— a } | aguteer 
2 a : x» Be LS 
‘— me || 


“ y 
We . ry 


The non-linear characteristics of Bradley selenium or copper 

TYPICAL USES oxide modulators such as CX3E4D0395 make them superior 

To amplify d-c signal to vacuum tube circuits. Bradley modulators feature low 
. o'6 

To superimpose a signal of one input and output impedance, equally good transmission in 

frequency upon another either direction, and side-band and carrier frequencies sup 

. As a series or shunt synchronous pression. Other advantages of Bradley modulators are: no 

switch need for filament power, nor B-plus supply; unusual stability, 

a variable resistor rugged construction, long service life, and controlled degree 

frequency convertors of balance. In addition, their compact size with all essen 

a phase detector tial components in a small size container makes them 

sas ———————— adaptable to printed circuits and miniaturization 


RECTIFIER HANDBOOK Complete information for product de 
signers. Most comprehensive manual available. Kept up to date. $2.00 


SEE BRADLEY BRADLEY LABORATORIES, INC. 


Booth 722—1.R.E. SHOW 168 A Columbus Avenue, New Haven 11, Connecticut 


VACUUM PROCESSED FOR PERFORMANCE AS RATED 





® e The accuracy, uniformity and toughness 
i | i n of Wisconsin Porcelain Co.'s ceramics 
eC S$ 0 gives you a closer fit, speeds assembling 
and reduces production costs. These ad- 

d vantages make Wisconsin ceramics pressure, and exhaust when solenoids 

ma Pp especially suited to automatic and semi- 
aioe ee ire de-energized, holding the rod in a 
a Se i locked position. When energized, one 


And their superior physical character- port opens to 


. 
eramics istics give you best results for permanent exhaust 
electrical insulation Both models are currently available 


) 
If your components call for porcelain, in, in. IPS. Side porting is standard 

that help refractory, steatite or filter body parts — however bottom ports are availabl 
send us a sample or blueprint and tell us upon request. Mechanical Air Controls 


to simplify your requirements. We will be glad to Ine 10030 Capital, Oak Park, Detroit 


quote prices and delivery $7. Mich 


your inlay: Sone ane Se a ae 
Production WISCONSIN 
Problems PORCELAIN () COMPANY FILAMENT TRANSFORMER 


115 Market St. 
Sun Prairie, Wisconsin Suitable for use in dieleetrie heating 


pressure the other to 


device ind other high voltage eles 
tronic equipment, small liquid filament 
transformer is known as_ the Dy pe 
13-05. The filament transformer is in 
sulated with noninflammable Askarel 


o~ 
on) 


Mr. Design Engineer: 


Durakool is the Life of 
Your Automatic Controls 


and completely sealed. It is said to 
provide the advantages of a liquid in 
sulated unit while maintaining mini 
mum overall size 

Advantages include: low’ tempera 


See telephone directory for local distributor e ture rise. corona-free. freedom from at 
f y 


DURAKOOL, INC mospheric conditions 


ELKHART, INDIANA, US A @ 700 WESTON RD, TORONTO, CANADA Design blends a wet process porce 


lain high voltage bushing, especially 


developed for this application, with the 
ALL- STEEL in 


remainder the assembly, controlling 


Durakool <i", MERCURY and reducing dielectric stresses to 
minimum 


The J3-05 is furnished with or with 


out sockets for the mounting of recti 
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#1ICc IMPERIAL =1100 


oe ~». . dif 
UNIVERSAL ' ' 
AND D.C. 2 
MOTORS 


1/45 to 1/30 HP 1/40 to 1/12 HP 1/75 to 1/20 HP. 1/15 to 1/8 HP. 1/40 to 1/20 HP. 1/16 te 1/8 HP. 


THE MOST COMPLETE LINE OF 


#106 #200 


1/12 to 1/6 HP. 1/50 to 1/13 HP 1/35 to 1/10 HP. 1200 to 1/75 HP 1 20 to 1/10 HP 1/40 to 1/20 HP 1/8 to 1/2 HP 


FRACTIONAL HORSEPOWER MOTORS 


4800 73000 GEAR MOTOR 


nd 


SHADED 
POLE 
MOTORS are 


1/2000 to 1/4500 HP 1/200 to 1/80 HP } t 0 1/200 to 1/80 HP 1/30 to 1/70 HP OuTPuT 120 IN.4AB 


in tee ENTIRE iNovUS TRY. 


INDUCTION 
Wed fe) +) 


1/25 to 1/15 HP. V/1Ste 1/8 HP SERVO MOTOR 1/300 to 1/1400 HP 1/100 to 1/15 HP 1/25 to 1/4 HP 


HOWARD 


Universal and Direct Current Motors 1/1000 to 1/2 HP cooperate with you in selecting the right motor 
@ Shaded Pole Motors 1/2000 to 1/8 HP for your application 
®@ Induction Motors 1/1400 to 1/4 HP 
® Dynamotors ®@ Blowers ® Gear Motors Howard motors have been used in more than 85,000 
applications over the past 20 years by the leading 

The motors illustrated on this page represent the versatility companies of America 

of Howard fractional H.P. motors. Catalog pages are 
available on all motors illustrated as well as gear SEPT: Boe POW SSS INS CSTE, INE. « BACINE, WIE 


units, mounting bases and blowers 


If you have a fractional H.P. motor application, check with HOWARD 


Howard. Our engineering department will be glad to 


DIVISIONS EM@) ELECTRIC MOTOR CORPORATION >) CYCLOHM MOTOR CORPORATION c CINE ELECTRIC PRODUCTS 


AKDS, PRECEDING 





ANNOUNC N 


THE NEW MODEL 3 


AUTOGRAF 


trade mark 


The Model 3 AuroGrar X-Y Recorder incorporates the proven features 
of the Model 2 in a compact instrument, ideal for use with standard 
812" x 11” graph paper. Rugged, accurate, fast, and stable, the Model 
} provides facilities for curve drawing and curve following with full 


visibility of the recording while in operation. 


e@ Ranges: 5 mv up to 500 volts, full scale @ 200,000 ohms/volt input resistance 


e Independent, isolated inputs, free of ground e Zero set and one full scale length 
e Speeds: Up to % second. full scale zero offset, both axes 


e@ Resolution 0.1%; accuracy and resolution 0.25%. e@Liquid ink or ball point pens 


rrr aa a 


MODEL 3 


The addition of the Model 3 to the Moseley AUTOGRAF line gives you 


three X-Y recorders to choose from 


MODEL |! MODEL 2 


Drum type Flat-bed 

8%" x 11” paper 11” x 16%” paper 

X-Y Recorder X-Y Recorder 

Curve Follower Curve Follower 
Point Plotter 


MODEL 3 


Desk Type 

8%" x 11” paper 
X-Y Recorder 
Curve Follower 


More than 1000 AuToGRaAFs are in use in laboratories, univer- 
sities, and industrial plants throughout the U.S. and overseas. 


Bulletins describing these instruments 
are available and we'll be glad 
to send them to you. 


rt. MOSELEY CO, 


409 N. Fair Oaks Ave., Pasadena, Calif 


fier tubes directly on the transformer 
Magnatron, Inc., 250 Schuyler Ave.. 
Kearny, N.J. 


Circle No. 62, Reader Inquiry Service Cords 
preceding bock cover 


ADJUSTABLE-SPEED DRIVE 
FOR MACHINE TOOL FEEDS 


Wide-range adjustable-speed drive for 
mac hine tool feeds offers a speed range 
of 100:1, with continuous electrical 
speed adjustment with a high degree of 
stability over the entire speed range. 
Capacity of the drive is from 4 to 4 hp 
The units are complete packaged drives 
with electronic control panels that are 
suitable for mounting and integrating 
with other machine controls. Use is 
made of manufacturer’s Sealpak con- 
struction in the control panels: all of 


the small electronic components are 
grouped, wired and sealed in plastics 
for protection. Operation of the drive 
required standard single-phase power 

For special feed requirements, the 
drive can be modified to provide ex- 
tremely close speed regulation by 
tachometer feedback; addition of an 
amplifying section, in a “building 
block” arrangement, converts the basic 
panel to a precision regulator. Reliance 
Electric & Engineering Co., 1088 Ivan- 
hoe Rd., Cleveland 10, Ohio. 


Circle No. 63, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE PULSE 
TRANSFORMERS 


Miniature pulse transformers employ a 
construction technique said to achieve 
lower distributed capacitance, improved 
temperature coefficient and low leakage 
inductance. A simple equivalent of the 
“not-core” design provides a_ closed 
magnetic path through and around the 
windings. The core material is ferrite 
A special finish on the outer ferrite 
shell makes the unit moisture-proof 
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New translucent 
laminate for the 
first time allows 
g a visual check on 
the accuracy of 
circuul register. 
vt 7 
re 
© 


SE Lee @ sy 


Formica Research perfects sensational new cold punching laminate 


with valuable translucency properties and 1,000,000 megohms IR after 


96 hours at 95° F and 90°. relative humidity... 


Research, an important part of the change as in grades which must be laminates and (2) how perfectly 


exclusive new Formica 4-point service heated before punching. This means the circuit on one side registers with 
has just perfected a new cold punching that with Formica XXXP-36, you can that on the other. New XXXP-36 is 


paper base laminate offering 1,000,000 now produce printed circuits with nev ideal for 


terminal boards and tv insu 


megohms insulation resistance and val and higher standards of accuracy lators requiring high I. RR. Formica’s 


uable new translucent properties XXXP-36 translucency can be doubly engineering skill can help you find new 
Known as XXXP-36, the new grade useful. Make this simple test hold it to ials for new products ind pro 
brings greater accuracy to printed the light. You can see (1) the smooth or complete information on 
circuitry. Because of its cold punch homogenous structure, the total ab the new XXXP-36, or on the new 
ing qualities, XXXP-36 requires no sence of resin pockets, voids and im Formica-4” service, use coupon below 
heat cycle. Therefore, the base lami perfections that dissipate the insulat The Formica Co 1645 Spring Crove 


nate is not subject to dimensional ing properties of ordinary paper base Av incinnati 32, Ohio 


, Make the Formica Trans : 
Or a lucency Test. Send for a Gentlemen 


sample X X XP-36 printed I'd like a sample X XX P-36 printed circuit and 
7 circuit. Fill out and mail } complete information on this new grade 
0 CA coupon today Send bulletin showing how I can take advantage of 
Laminated Plastic —— : the new ‘‘Formica-4"' laminated plastics service 


Pays in Performance 


Name 
Company 


Address 


FORMICA ®&—the most famous name in laminated 
plastics —Engineered for industry, Beauty Bonded 


City State 
for the home 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





CAPACITORS 


For computing devices, tuned circuits demanding highest Q standards, capaci- 
tance bridges, timing circuits, lab standards, circuits requiring low dielectric 
absorption, and similar critical applications. 


OFFERING HIGH INSULATION RESISTANCE . . . Designed to take full advantage 
of the unusual properties of polystyrene and therefore providing extremely high 
insulation resistance (long-self-time constant). Operating temperature range of 
metal-case units: —65° C to +85° C; —30° C to +85° C for cardboard 
tubulars. 


OFFERING LOW POWER FACTOR . . . Very low. Also very low dielectric absorption 
characteristics. In addition, these units provide low capacitance changes with 
temperature change and with time. 


OFFERING CLOSE TOLERANCES . . . Still another decided advantage of Aerovox 


Polystyrene Capacitors is that they can be wound to close tolerances in produc 
tion quantities. 


OFFERING WIDE CHOICE OF TYPES .. . Generally available in such standard case 
designs as cardboard-case tubulars (L84), glass end-seal metal-tubular case 
(L123XG), metal-case bathtubs (L30), rectangular-can (LO9). Also in special designs 
and uncased units. 


WRITE ON YOUR COMPANY LETTERHEAD FOR ENGINEERING DATA 


AEROVO® CORPORATION 


ACME CINEMA HENRY 1. 


DIVISION ELECTRONICS, INC. ENGINEERING CO. CROWLEY & CO. 
OLEAN, N.Y. MONROVIA, CALIF BURBANK, CALIF. WEST ORANGE, N. ) 


te Conede ABROVOK CAMABA LTD Memiten Ont JOSE ADUEESS 760 Belleville Ave Mow Bedterd, thes 
Bupert: Ad. Auriema, inc., 89 Breed %.. New York, N.Y. ¢ Cable: Aurieme, N.Y 


without adding substantially to its size 
or weight. The ends are sealed with 
epoxy resin 

Voltage step-up ratios as high as 15:1 
are said to have been achieved while 
maintaining reasonably low distributed 
capacitance. Aladdin Radio Industrie- 
Inc., 706 Murfreesboro Rd., Nashville 
Tenn 


Circle No. 64, Reader Inquiry Service Cards 
preceding back cover 


MACHINE MAKES PRINTED 
CIRCUIT PROTOTYPES 


Production prototypes ol printed eles 
tronic circuits are provided by a ma 
chine capable of producing an average 
printed circuit in only 30 to 40 min 
Circuit boards up to 12 in. x 16 in. can 
be manufactured, The machine meas 
ures 60 in. long x 50 in. wide x 45% in 


high. In use, the machine is plugged 


into a standard 110 volt line, with one 
hose being connected to a cold water 
faucet and another to a waste drain 
The machine produces etched wiring 
by the photographic process. Copper 
clad material is coated with photosensi 
tive resist on a whirler. The board i- 
held by a pair of quick-acting clamp- 
while the solution is poured on the sur 
face. Centrifugal force spreads the re 
sist evenly, any excess flowing into the 
aluminum bowl in which the whirle: 
spins. The stainless liner may be re 
moved for cleaning. An infra-red lamp 
dries the resist as the piece rotates 


FEBRUARY 1956 ELECTRICAL MANUFACTURING 





( NION CARBIDE has long been « losely 
identified with silicones through the work of 
its Division, Linde Air Products Company 
To an important degree, industry hus come 
to “Look to LINDE for Silicones.” 

Silicones are ineredibly versatile man 
made chemicals offering startling advan- 
tages in more and more products and proe 
esses, You may find that their stability under 
wide temperature change is the quality that 
interests you. Or it may be their water re 
pellenc y, their high electrical resistance, o1 
some other special property 

Interesting new de velopme nts, as well as 
the many proven needs, have now led to the 
formation by Union Carbide of a Silicones 
Division. With the world’s most modern sili- 


cones plant almost ready to go on stream at 


TUN 


Nn 


N 


Long Reach, W. Va., this new Division will 
be responsible for Union Carbide’s program 
for the development, manufacture, and sale 


of sthieone products 

This is more than just a change of name 
While addresses and telephone numbers will 
remain the same, customers will be served 
by still further expanded sales and technical 
staffs 

But of prime importance, it means that 
through the expande d organization and vast 
ly increased output, Union Carbide will pro 
vide more silicone products, in a greater 
variety, to match the needs of the fast-grow 
ing number of its silicone users. If you 
haven't already checked or the potentialities 


of silicones in your business, you should 


Now. more than ever, it will pay you to 


{ NION CARBIDE 
SiLiCOnes 


Look to UNION CARBIDE for silicones 


For ¢ xam ple 


in down time 


in many installations, Class H 
Insulation based on LINDE R-620 Silicone 


even under rugged operating 


noid ifforded 
with notable reduction Silicone 


KEADEK INQUIRY SEKVICE CARDS PRECEDING BACK COVER 


conditions. Look into thi 


i protection for your motors 
already providing outstanding improvement 


in electric motor life insulation 


‘ qquiprne ntoor re 


new economy and 


transformers, sole 


CAanBipe R620 


in your of iginal 





From DIALCO-New, Compact 


INDICATOR LIGHT 


for heavy duty industrial applications me 


OIL TIGHT 


DUST TIGHT 
OMNIDIRECTIONAL 


Exceptionally Rugged! 


Perfect oil-tightness is effected by 
retained oil-proof gaskets and the 
gasketed glass lens assembly 
These units have many heavy-duty 
features: One-piece solid brass 
bushing, solid brass lens holder, 
high impact phenolic insulation, 
rugged binding screw terminals 
They install easily in a single 1” or 
144 panel mounting hole. Other 
units available for '';,° mounting 
hole. A choice of 3 lens styles, 7 
lens colors, and other optional fea- 
tures provide adaptability. If you 
have an unusual problem, consult 
our engineering department 


DISCS with legends, behind flat 


lenses, deliver specific messages 


104-3502-XP10 —231 


Illustrations are 


approx. actual size 


OWL THGLIT INDICATOR LIGHTS 


accommodate a wide range of Incandescent and Neon Glow Lamps. For 
neon, DIALCO offers an exclusive feature — BUILT-IN RESISTORS (U. S. 
Patent No. 2,421,321) for operation on 105-125 V, or 210-250 V. Simple 
external resistors are provided for all higher voltages. EVERY ASSEMBLY 
1S AVAILABLE COMPLETE WITH LAMP. For design purposes we will send : 


SAMPLES ON REQUEST— AT ONCE—NO CHARGE 


CATALOG “’L-200" gives you complete specs on DIALCO’S Oil- _—_ 
Tight Indicator Lights. Also available—a file of Special Catalogs ay = 
on DIALCO Pilot Lights covering every indication requirement. «” 


\e& 


FREE —- Brochure on “Selection and Application of Pilot Lights’’. | = 
. eo 
a ae 5 . ea 
Manufacturer ee | DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N.Y 
of Pilot Lights | 
Please send Cat L-200” on Oil-Tight Lights 


DIALIGHT Selection’ Brochure. [] Pilot Light Catalogs 


CORPORATION Name 


Company 


44 STEWART AVENUE | 
BROOKLYN 37,N. Y. | address 
HYACINTH 7-7600 | 


City nen pennant 


The circuit board is then exposed on 
the light table where the negative is 
placed under the sensitized panel, and 
pressed firmly to it by the vacuum 
frame table top. Exposure time is 30 
sec. A developing tank with an overflow 
water rinse is conveniently located to 
complete the printing cycle 

If a plated surface is desired, the 
copper is cleaned in a built-in reverse 
current alkali and hydrochloric acid 
tank, each with its own rinsing cham- 
bers. Silver or solder may be plated on 
the circuit pattern. Current densities 
may be varied by rheostat adjustment. 

Two etching baths are fabricated into 
the top assembly, both having air agita- 
tion and heating elements. 

All controls are mounted on the panel 
which divides the two rows of tanks 
Each operation is regulated by controls 
immediately above its particular se¢ 
tion. Printed Electronics Corp., 7 North 
Ave., Natick, Mass 


Circle No.65, Reader Inquiry Service Cards 
preceding back cover 


AUTOMATIC LAMINATION- 
STACKING MACHINES 


Machine quickly and automatically 
stacks transformer laminations. Called 
the Laminator, it interleaves singly El 
types of lamination iron that gage 
within 0.014 to 0.035 in. in thickness. A 
variation in thickness of 0.003 in 
within the same gage for a particular 
setting of the machine is allowable 
The Laminator is available in eight 


different sizes to handle as many sizes 


7” 


eee 


of standard laminations from 5 to 14% 
in., in increments of J. in 

Machine consists of a cast iron base, 
a cam housing and assembly and a head 
which comprises all those associated 
mechanisms which do the storing and 
actual manipulation of the lamination 
pieces necessary to assemble them into 
the coil. To the base is attached a 4 
hp single-phase  ratio-motor which 
drives the cam through a V-belt and 
sheaves. The driven sheave can be 
released quickly and easily from the 
driving sheave to enable it to be utilized 
is a hand wheel 

The open-ended magazines located in 
the head enable the operator to continu 


ously load lamination material into the 
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TO REPLACE A RIVET Rollpin’s spring 

action firmly fastened radio transformer 
laminations in place and did two things a 
rivet couldn't do—aligned the laminations 
and compensated for minor hole variations 


Where can you use this 
simple fastener ? 


If you use locating dowels, hinge pins, rivets, set screws 
or straight, knurled, tapered or cotter type pins, Rollpin 
offers the opportunity of a better method that can cut 
assembly and maintenance costs. This slotted tubular steel 
pin with chamfered ends eliminates special machining 
tapping, and the need for precision tolerances. Driven into 
a hole drilled to normal production standards, it locks 
Sec urely in place, yet can 

readily be drifted out and 


reused whenever necessary. 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 
N 


| TRADEMARK 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


TO REPLACE A STOP PIN 
Rollpin’s self-locking action elimi 
nated staking or peening opera 
tions required to retain a straight 


solid pin 


3 Better Methods 
with ROLLPIN 


: 


wall 
TO REPLACE A SET SCREW on 
automobile brake handle, Rollpin 
is self-retained in the hand grip 
but can easily be driven into over 
drilled hole in shaft to free han 
die, then removed and used 


again 


TO REPLACE A DRIVING PIN for a flexible drive shaft on a washing 


machine, Rollpin cut assembly costs by eliminating precision drilling 


and reaming 


MAIL COUPON FOR DESIGN INFORMATION 


Elastic Stop Nut Corporation of America 
Dept. R37- 222, 2330 Vauxhall Road, Union, N. J. 


Please send the following free fastener information 


Rolipin somples 
Rollpin bulletin 


Here is a drawing of our product 
What self-locking fastener would 


ou suggest? 





lighter... shorter, 
same capacity, 
a.c. d.c. 


AXIAL BLOWER 


only 2” long...weighs only 5 ounces! 


Globe pioneer precision motor manufacturers and 
leaders in miniaturization . now offers the latest in 
axial blower design! A further miniaturization of exist- 
ing equipment for high air delivery in smaller space! 
Units consist of a Globe sub-miniature a.c. or d.c. motor, 
a dynamically balanced 2-blade aluminum fan, mounted 
in a rigid one-piece aluminum housing 


A.C. blowers are for 400 and 60 cps operation. Other 
frequencies available. D.C, blowers are available up to 
90 volt operation. Air flow in a.c. up to 50 cfm free 
air. Back pressure up to 0.8" H,O. Both types a.c. or 
d.c. provide air flow in either direction, and meet military 
specifications. Write today for bulletin 520. 


GLOBE INDUSTRIES, inc., dayton 4, ohio 


manufacturers of precision miniature 
motors and motorized devices 


machine while it is stacking. The head 
consists of a mechanism which is recip 
rocated by the cam mechanism and 
which inserts a single FE and I piece into 
the coil alternately from each side. The 
core is built up in the coil and rises 
until the coil is filled, at which time 
a limit switch is actuated and stops the 
machine. Overall dimensions of the ma 
chine assembled, with one head and 
including ratio-motor, are approxi 
mately 15 in. wide x 38 in. long x 16 in 
high; weight, about 200 Ib empty 
Universal Winding Co., P.O. Box 1605, 
Providence 1, R.1. 


Circle No. 66, Reader inquiry Service Cards 
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FHP SLIPRING MOTORS IN NO. 
66 FRAME 


Variable speed and step-by-step start 
ing features of slipring motors are now 
available as standard motors with rat 
ings of 14, %, Yo and %4 hp. Added 
feature is use of small No. 66 frame 
size. 

Applications of — slipring motors 
printing presses, conveyors ventilating 
equipment, and other machines requir 
ing operator-regulated running speeds 

Example of motor versatility is the 
starting of a heavy load on regular low 


line current. High starting torque is 


provided by starting in a slow-speed 
“step” full speed being attained 
through a series of steps The motor is 
available with speed selections from 50 
to 100 per cent of full load speeds in 
the following ratings: 1800 rpm (full 
load speed ) ind *%4, ° Vy 1; 1 and 
144 hp. Also: 1200 rpm = (full load 
speed) and 14, ! », *4, and | hp 
Reuland Electric Co.. 3001 W. Mission 
Rd., Alhambra, Calit 


Circle No. 67, Reader Inquiry Service Cards 
preceding back cover 


Posteard return cards are pro 
vided on page 375 through 378 as 
i convenience to the reader in ob 
taining further information on 


New Components and Materials 
Literature for the Design Enginee 
Feature Article Reprints 
Advertised Products 
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Hlow you profit by using 


G-E CLASS H INSULATION protects all coils in this rugged mill DRASTIC REDUCTIONS in size and weight are possible with 
motor: silicone-treated mica mat on armature, commutating G-E silicones. The tiny autotransformer (right) has been 
and exciting field coils; silicone varnish impregnates coils. ““shrunk’’ to half former size—yet carries more power. 


C3-kK) silitone tnsulation 


NEARLY TWICE THE CURRENT—with no increase in size—is real- LIGHTER, MORE COMPACT DESIGN, plus a new margin of safety 
ized in this generator lead cable built with glass cloth through high overload protection, is achieved in this weld 
coated with G.E.'’s SE-100 silicone rubber compound. ing transformer made with G-E heat-resistant silicones. 


in) appli cations like these 


YOU'LL FIND IT PAYS TO REQUEST 
INSULATION MADE WITH G-E SILICONES! 


Write for information to 


SILICONE PRODUCTS DEPARTMENT 
GENERAL ELECTRIC COMPANY 


Section 62 1B 


WATERFORD, NEW YORK 


in CANADA, write to Canadian General 
LONGER LIFE for traction-motors on diesel-electric locomo- Electric Company, Ltd., Toronto 
tives results from G-E Class H silicone insulation which 
cuts maintenance costs under severe operating conditions. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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RELAYS 


Custom-engineered 


to YOUR Specs 


Cla 53 Midget 


i 

Sub-miniature 

Dp Also available 
in special low ca 

. 

| 

L 


pacttancs model 


| 
; 
’ 
| 


Class 11—Versa 
tile D.C. Latch 


inp lype al o 
at ailabl 


Cla 2 Versatile 
AC. or DC. Wide 
} selection 


fion 


of varia 
A 


4 


—— 
Engineered and manufactured to 
highest standards of reliability 
Available with re 
shock, vibration and temperature 


sistance to 


change to meet military specs 


Special variations engineered to 


meet exacting service 


and applica 
tion requirements 

Whatever your 
us what you need 


service just tel] 


Send for ( atalog describing Cla id 
Class 11 and Cla 22 Relays for A.C. or 
D« open plug in dust prov i hermeti 
cally sealed and many pecial model 


EU ae 


33504 W. Grand Ave. Chicago 51, Ill 


230 


Laboratory 


Engineering 
Equipment 


POWER SUPPLY FOR 
TRANSISTOR CIRCUITRY 


Having au voltage 
0-100 volts 
ma, Model 


useful for research on and the develop- 


range of 0-10 and 
and a current range of 0-100 
PRIOOA power supply is 


ment of transistor circuits 

An internally regulated power supply 
serves as reference, with a two-stage 
high-gain balanced comparator circuit, 
using a Type 85A2 reference tube. 


Ripple is less than 2 millivolts; transi- 


millisec 
1 ohm d- 0.2 
cycles to 10 ke; rising to | ohm at 
100 ke and to 3 ohms at 600 ke 


Line voltage input range is 105-125 


ent response to 0.1] Output 


impedance ts ohm from 


volts at 50 to 500 cycles. There is also a 
filament supply at 6.3 volts a-c at 8 
amp, unregulated, should the supply be 
needed for non-transistor use 

The voltmeter is dual range, and both 
voltmeter and ammeter are 44% in. sq. 
Model TRIOOA is finished for rack 
mounting. Cabinets may also be ob- 
tained. Universal Electronics Co., 1720 


Santa Monica, Calif 
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TESTER MEASURES TORQUE 
CHARACTERISTICS 


All-electric calibrated torque source for 
testing and measuring the torque char- 


acteristics of small gear trains, servos, 
springs, clutches and similar devices is 
designated Model 40. A universal chuck 
on the front panel, driven by a three- 
phase motor, supplies the torque which 
is read directly in oz-in. on a large 


meter. Shaft speed is indicated on an 


YOU ae BEAT 
GARRETT SERVICE 


I'm not a wise guy, but I do know 
about the service these Garrett plants 
give you. Seems hard to believe. 
Those fellows bend over backwards 
to help you out in an emergency. 
And their regular service means you 
always get deliveries when promised 
sometimes before. 

Of course, when it comes to quality 
they are tops on lock washers, flat 
washers, spring washers, hose clamps, 
stampings and assemblies. They 
have three plants equipped with the 
most modern high-speed automatic 
machinery to turn out billions of parts 
to exact specification . . . complete 
heat treating, plating and finishing 
facilities. If you don't believe me, 
next time send your order into 
Garrett. You'll see why their custom- 
ers say YOU CAN'T BEAT GARRETT. 


LOCK WASHERS 

FLAT WASHERS 
HOSE CLAMPS 
STAMPINGS 
Manufactured by 


GEORGE K. GARRETT CO., Inc. 
Philadelphia 34, Pa. 


OF PHILADELPHIA 
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There are several excellent nickel-chrome 
combinations on the market. But there is only one 
Nichrome’*. 


What is it that makes this alloy 
standard by which engineers judge the properties 


the universal 


of heat and corrosion resistance? There is always 
at least one extra ingredient added to the nickel 
and chrome. That is... the supreme mastery of the 
Driver-Harris specialists, gained in their 55 years 


of me!ting and drawing experience. This hard-won 


MAKERS OF THE MOST COMPLETE NE OF 


skill of theirs is reflected in improved heating and 
quenching techniques in specially developed 
deoxidizing anneals in expert and precise con- 
trol of every technical process of the entire manu- 


Sometimes indeed, there are as 


facturing cycle 
many as 127 distinct operations between melting 


crucible and the finished wire, strip, or rod. 


In recognition of its unique properues, the 


Office in 1908, 
granted solely and exclusively to us the trademark 
NICHROMI 


is produced by Driver-Harris. 


Driver-Harris Com pany 
HARRISON, 


BRANCHES: 


United States Patent August, 


There is only one Nichrome, and it 


NEW JERSEY 


Chicago, Detroit, Cleveland, Lovisville 
Los Angeles, San Francisco 


In Canada: The B. GREENING WIRE COMPANY, Ltd., 


Hamilton, Ontario 


ALLOYS (6 THE WORLD 


*T. M, Reg. U. S. Pat. Off. 
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THE DUAL ROLE OF 


DUREZ 
IN INDUSTRY 


add dependability in railroad signals 


put longer life in rubber soles 


BOTH could benefit your business 


One of the more truittul sources of prod ict betterment oft improved 


processes is the ph nolies develoy ed by Durez. Their tield of useful 
ness as molding Compounds ts industry-wide, firmly founded on Impact 
strength and lustrous molded-in surtace beaury. With these are combined 
resistance to heat and chemical action, and superior electrical properties 
Employed as resins to bond, coat, or impregnate, Durez phenolics enhance 
wanted characterisacs in other materials and increase sales values in end produc ts 
Can they be used profitably in your business? Talk with your molder or 
vith Durez, the leader in developing and producing the versatile phenolics 


Ask too, tor out larest veneral b illetin 


DUREZ PLASTICS DIVISION 
HOOKER ELECTROCHEMICAL COMPANY 


ii? material nd 


resins that fit the gol 


1302 WALCK ROAD, NORTH TONAWANDA, N. Y. 


additional meter while output jacks 
provide for external recording of both 
torque and speed 

An accurately machined table is 
rigidly mounted parallel to the output 
shaft for quick alignment of objects 
under test. Auxiliary mounting brackets 
are available to fit specific applications 
l seful for laboratory requirements as a 
torque source as well as a calibrated 
dynamometer, Model 40 has a range of 
0.05 to 40 oz-in. with better than 5 per 
cent overall accuracy at shaft) speeds 
from zero to 100 rpm. Housed in a 
cabinet featuring a recessed panel with 
work area illumination, the unit has 
») 


overall dimensions of in. wide x 12 


in. high x 15 in. deep. Bulova Research 


laboratories, Inc 


62-10 Woodside Ave 


and development 
Equipment Diy 
Woodside 77 N \ 
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SIGNAL GENERATOR 


Providing an accurate signal source at 
frequencies from 80 ke to 2.7 me, and 
from 3 me to 200 me, in 7 tuning ranges 
Model 269 signal generator is suitable 
for laboratory and other uses 

Model 269 provides the following tun 
3 to 6.25 
me; 6 to 12.5 me: 12 to 25 me; 24 to 
50 me: 48 to 100 me: and 96 to 200 me 


Frequency control may be obtained by 


1 ee 
ATE 


ing ranges: 80 ke to 2.7 me; 


means of crystals or a. self-contained 
The VFO 


can be calibrated against crystal fre 


variable frequency oscillator 


quency, using an electron eve tube as 
a zero beat indicator 

Stability of the signal generator with 
crystal control is 0.001 per cent; with 
VFO control, 0.1 per cent. Indicated 
output aceuracy of *10 per cent is 
provided over the generators entire 
operating range 

Output frequencies can be modulated 
by an internal 400-1000 or 150-12.000 


evcle internal source 
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INDIANA 
PERMANENT MAGNET 


TT EVE 


HOW TO MAGNETIZE 
PERMANENT MAGNETS 


MAGNETIZER 
MAGNET POLE PIECES 


. ! 


ASSEMBLY 


Magnetizing permanent magnets aft- 
er assembly into the product offers sev- 
eral advantages. Higher field strengths 
are obtainable. The magnetic field pro- 
duced in a loudspeaker, for example, 
using an Alnico V permanent magnet 
that has been magnetized after assem- 
bly, is about three times as great as the 
field obtained when the same magnet is 
magnetized before assembly. 

The unmagnetized magnets are eas- 
ier to handle and to assemble with 
other parts of the assembly. There 
is less contamination due to pick-up 
of magnetic particles. 

Magnetizing after assembly is also 
advantageous in such applications as 
watt hour meters, polarized relays, and 
permanent magnet motors. 


Using the Magnetizer 


Most commonly used magnets are 
of simple bar or “U” shapes, which 
may be magnetized with an electro- 
magnetic magnetizer in the user’s plant. 

Fig. 1-A shows how a bar magnet 
should be positioned between the mag- 
netizer’s pole pieces. The square ends 
of the pole pieces are used toward the 
gap. The space between the pole pieces 
is adjusted so the magnet can be easily 
inserted and removed. Normally, only 
one to two seconds are required to fully 
magnetize the magnet. 


An assembly consisting of a bar-type 
magnet and soft-steel pole pieces 
should be placed with the magnet be- 
tween the magnetizer pole pieces as 
shown in Fig. 1-B. Positioning the as- 
sembly as shown in Fig. 1-C will not 
fully saturate the magnet 

‘U” shaped magnets and assemblies 
should be positioned as shown in Fig 
2, with the tapered ends of the mag 
netizer pole pieces used toward the 
gap. A meter or separator assembly 
would be placed on the magnetizer as 
shown in Fig. 2-B 


MAGNET 


ak MAGNETIZER 
POLE PIECES 


a“ 


‘ 


ASSEMBLY 


When a “U” shaped magnet is tall or 
larger than the generally accepted set- 
ting of the magnetizer, the field pro- 
duced at point “X”’ (see Fig. 2-C) may 
not be sufficient to saturate the mag- 
net. In this case there are two accept- 
able methods of magnetization. One is 
to place the magnet with its side on the 
pole pieces as shown in Fig. 2-D. This 
allows the yoke of the magnet to be- 
come magnetized. The magnet is then 
raised to the position in Fig. 2-C and 
again magnetized 

Ihe other procedure is to stand the 
magnet on the magnetizer pole pieces 
with one or two steel blocks against 
each of its legs as shown in Fig. 2-E 
The magnet (or assembly) is then 
magnetized three times: first, with both 
pairs of blocks in place; second, with 


THE INDIANA STEEL PRODUCTS COMPANY 


Valparaiso, Indiana 


WORLD'S LARGEST MANUFACTURER OF PERMANENT MAGWNETS 


published for industrial and consumer 


product engineers and designers 


blocks (a) removed; and third, with 
blocks (b) also removed 

For a complete discussion of how to 
magnetize permanent magnets by the 
electro-magnetic method, write for a 
copy of Applied Magnetics, Vol. 2, No. 3. 


Chesterfield? 


Cigarette manutacturers invest a great 
deal of time and money to bring you 
the best smoke possible 

Chesterfield is no exception and 
strangely enough, behind some of their 
recent efforts is an Indiana Permanent 
Magnet. You've probably read dozens 
of ads which say, “Chesterfield . . made 
the modern way with AccuRay 

AccuRay is a machine, made by In- 
dustrial Nucleonics Corp., that checks 
and controls the making of Chester 
fields. One of the basic parts of this 
machine is a contact meter-relay, man 
ufactured by Assembly Products, Inc 
And the heart of this relay is an Indi- 
ana Hyflux Alnico V magnet! 


Report on Indox |! 
Ceramic Permanent Magnets 


This recently published four-page 
technical bulletin, “Indox I Ceramic 
Permanent Magnets,” suggests factors 
to be considered during design calcula- 
tions, and discusses possibilities for 
new applications or improvements of 
existing ones 

Also discussed are some 30 repre- 
sentative sizes and shapes available in 
sample quantities for immediate ship- 
ment. Ask for price list and Catalog 
1S-B 


eee | 
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RELAYS 


made better to work better 


The performance and dependability of any product is governed 
by the workmanship and materials used in its manufacture. Comar 
relays are precision engineered, made of top quality materials, 
fabricated to meet highest inspection standards. They're made 
better, to work better. In addition, Comar's ‘‘custom-manufacturing’’ 


gives you the exact physical size and electrical characteristics 


you want. Send for details now 


“Ge OMAP cvecreic sali 


3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


HMERAFT 


Zero radiation is indicated at six in. 
from the instrument case when a 2-in. 
pickup loop is used to feed a receiver 
with a sensitivity of better than 1 micro- 
volt. 

Model 269 weighs 71 lb. Dimensions: 
2414 in. x 13% in. x 14% in. The signal 
generator operates from a 105-130 volt, 
50-60 cycle a-c line. Munston Manu- 
facturing Co., Beech St., Islip, N. Y. 
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LINE IMPEDANCE STABILI- 
ZATION NETWORKS FOR 
RADIO INTERFERENCE 
MEASUREMENTS 


Series FSR-700 line impedance stabili- 
zation networks are said to meet re- 
quirements of Air Force Specification 
MIL-I-6181B and Navy Specification 
MIL-I-16910A. These require one stabi- 
lization network to be placed in each 


+ 
a4 
5 < 


power supply lead and electrical load 
lead (if used) when making tests of 
radiated and conducted r-f{ interference. 

Networks are supplied in two desig- 
nations, one for each specification, to 
permit their use in laboratories and 
screen rooms making r-f interference 
measurements on equipments intended 
for the two services. 

Four units are available for each 
specification. Each can measure maxi- 
mum voltage of 440 volts 60 cycle, 230 
volts 400 cycle and 115 volts 800 cycle 

c, or 600 volts d-c. Filtron Co., Inc., 
131-05 Fowler Ave., Flushing 55, Long 


Island, N. Y. 
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VERTICAL STATIC 
BALANCING MACHINES 


One of two new vertical static balanc- 
ing machines is the Model 201-VL, 
which has weight capacities of 1 to 20 
lb, and will handle diameters up to 20 
in. The second, Model 201-VH, will 
handle 5 to 75 lb and diameters up to 
20 in. 

Simplicity of operation insures ease 
of use in balancing impellers, blower 
wheels, flywheels, fans, pulleys and 
other parts having no integral shaft. 
Magnitudes of unbalance are positively 
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Like the submerged 1% of an iceberg, the important 
part of each @0S bearing is value you cannot see... 


—the value of prompt product-design assistance 
from S0S’’s field engineers in your area—the most 
experienced in the industry. 


—the value of additional help from cs" home 
office specialists in your industry. 


— the value of unbiased recommendations, possible 
because Si0S" makes both ball and roller bearings 


— the value of 0% laboratory research to solve 
unusual anti-friction problems. 


— the value of CS quality control that assures 
the bearings in your product are the finest made. 


Product-design men in all industries have discov- 
ered the tangible benefits of these “hidden values”. 
They know that satisfactory service life and de- 
pendable product performance are often simply the 
result of the right SOS" bearing in the right place. 


7600 


ao. eee 
SKF INDUSTRIES, INC., PHILADELPHIA 32, PA, 
manufacturers of &KF and HESS-BRIGHT® bearings. 
1955 SKF Industries, Inc. 


BALL AND ROLLER BEARINGS 








okKF 


makes them all 





5KF''s comprehensive line of Filling Slot 
CUM MC, MMU Mme me 
which are shown here) is typical of the 
complete bearing service which SKF pro- 
CMM A mtr mel s ia] 
based on exceptionally broad experience 
when & F's product-assistance staff helps 
you put the right bearing in the right place 
in your product. rr 


a) 
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BALL AND ROLLER BEARINGS 








a Unretouched photographs 


indicaied by a large meter, calibrated 


SPLIT RELAY COILS 
ie seinen ctaee: Aeweke oad to show you why 


tions are pointed out by a stroboscople 
lamp. Balance Engineering Co.. 5030 


W. Lake St.. Chicago 44, Il 
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8-CHANNEL OSCILLOSCOPE 
PROVIDES DYNAMIC STRAIN 
INDICATION 


Dynamic Strain Gage Indicator features 


a large screen display oscilloscope and 

eight input channels. The instrument 

provides continuous display of eight i 

independent channels of strain gage RE LAYS 


output information plus calibration 


data for each channel. Physical phe 


are the best 


These two coil cross-sections illustrate one of the 
many reasons why P&B’s engineering skills and 
manufacturing facilities have made it first in the 
relay field 

‘The lower split coil was impregnated by the 
most universally accepted method 

Note how the varnish failed to penetrate be 
yond the first few strands—leaving air- and mois 
ture-trapping spaces—allowing strands to pull 
loose whei sawed. This trapped moisture sets up 
electrolytic action, causes eventual breakdown 

Note, however, that the P&B coil above has 
no such “empty” spaces. All strands are solidly 
embedded in varnish — completely protected against 
moisture and electrolysis 

Centrifugal impregnation, a method exclusive 
with P&B in the relay field, forces varnish com 
pletely through the coil—displacing all air and 
moisture — filling all spaces permanently 

It’s one of many excellent reasons why, when 
you need a relay of any size, any type, for 
any application ... your smartest move is to P&B 
and Sterling Relays 


nomena which can be measured include 
displacement, velocity, acceleration and 
pressure 


The multichannel oscilloscope con 


tains a I7-in. rectangular cathode-ray CG a 
tube telow — the display unit are 4, 

mounted a control panel page balance & 

and calibration panel containing 8 in PRINCETON, INDIANA 


dependent channels a sequential Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
switching panel, and a gage excitation 


power supply 
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TRANSFORMERS 
for your SPECIAL 
REQUIREMENTS 



















































TWO NEW 


<g 


SPECIAL 
UNITS 


Resistance Welding Trans- 
former with eight point tap- 
changing switch on primary wind- 
ing. Used for a varying secondary 
current output, Unit shown is 3 
KVA. Units are available from .5 
to 50 KVA. 








> 





































High Voltage Plate Trans- 
former for use under oil with 
other equipment in same tank, 
Unit shown is 50 KV center tap 
grounded, 4 KVA and high imped- 
ance. Note plastic insulation shield 
between coils. This unit available 
from 100 VA to 100 KVA. 





























































For any special transformer, you will get the highest 
quality, the fastest delivery, the most reasonable cost and 
the highest efficiency from Nothelfer Winding Laboratories. 
Their production is geared to the manufacture of special 
transformers, chokes and reactors. 


Write for complete 
information, specifying 
your particular requirements. 
> WINDING LABORATORIES, Inc. 


P.O. Box 455, Dept. 101, Trenton, N. J. 














Overall accuracy of the display is 
within 2 per cent. Modifications are 
available to provide required degree of 
iccuracy. All 8 channels are scanned 
each ‘yo sec. The instrument is designed 
for a-c, 30 cps and up, and d-c opera 
tion 

All equipment and power supplies 
are self-contained in a metal cabinet, on 
rubber casters. Electromec, Inc., Strain 
Gage (Jac illoseope Dept 5121 San 
Fernando Rd.. Los Angeles 39, Calif 
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PORTABLE TRANSISTOR 
TESTER 


Comparative checks on p-n-p and n-p-n 
transistors for test use are made pos 
sible by a self-contained, port ible tran 
sistor tester, Model TR-2. Completely 
transistorized and said to be less com 
plex to operate than an ordinary tube 


tester, the unit features a 4-in. meter 


with two ranges that allow the operator 
to read Alpha, Beta, and I,,, directly 
Alpha tests up to 0.99 and Beta to 100 
Model is available in a-c or d-c versions 

emitter current is adjustable from | 
to 10 milliamp, while a selector switch 
provide i collector voltage of 1.5 to 6 
volts to the transistor under test. A 
calibration control compensates — for 
wide temperature variations 

The tester is housed in a metal cabi 
net 41% in. wide x 4 in. deep x 7% in 
high. Weight. 3 lb and operates on a 
frequency ol 1 ke from a self-contained 
oscillator. CG Electronics Corp., 212 
Durham Ave Metuchen, N. J 
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DIGITAL TIME DELAY 
GENERATOR 


Delays of from 1] microsec to 100 sec 
in 1 microsec steps are provided by 
Model A-6 digital time delay. The time 


delay is controlled by eight direct-read 


ing dials marked in seconds and micro 
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Manufacturers 
throughout industry 
fasten it and forget it” 
with EVERLOCK 


the brand new catalog of 
Gvetloch viva Fasteners 

The most complete listing of lock fasteners in 

EVERLOCK history. If your product must stay tight to 


stay right—the new EVERLOCK catalog contains 
vital information for you. Send for your free copy today. 


a4 


INDUSTRIAL FASTENERS 


MAIL THIS COUPON 


THOMPSON-BREMER & CO. 

514 North Dearborn Street, Chicago 10, Ill 
Please send me the new FVERLOCK Industrial Pas 
tener Catalog 


Name 


Title 


THOMPSON-BREMER & CO. Chicago 10, Illinois 
SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 


Company 


Address 


[ y 


City on State 
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Specially designed 
SELENIUM RECTIFIERS 


fitted to your application 


Our Engineers Can Help You 


The first metallic rectifier was devel 
oped by Union Switch & Signal engi 
neers back in 1916. Since then, they 
have built up an extensive experience 
in rectifier applications that can be of 
tremendous value to you 

It's possible that you are working in 
rectifier problems that have already 
heen solved in our research laboratories 
The selenium rectifiers we show here 
are just a few of the many varieties that 
we are now producing 


Standard UNION selenium rectifier 


ee 


NEW YORK, !Vanhoe 3-2424 (Hem 


cells, pencil type, range in size from 
14,” to %” diameter rated from 2.5 to 
10.0 milliamperes per cell and stack 
type 1” x 1” to 5” x 6” rated from .180 to 
10.0 amperes per cell in a single-phase 
fuli-wave bridge basis. Special combina 
tions can be made to fit practically any 
( urrent and voltage conversion require 
ments in various housings or shapes 

Why not tell us what you need, and 
our sales engineers will help you de 
termine the best rectifier for your ap 
plication 


ap 


nity 2-4485 


BALTIMORE, VAliey 5-3431 * ST. LOUIS, JEfferson 5-7300 * CHICAGO, LOngbeach 1-3042 
LONDON, OHIO, LOndon 1555 * LOS ANGELES, Clinton 6-2255 


Amount of delay is established 
by setting the 


seconds 
dials to the required 
delay 

\ trigger input circuit permits opera 
tion from fast or slowly rising signals 
of either positive or negative polarity 
Output is a positive blocking oscillator 
pulse of 20 volts amplitude and 1 


microsee width 


Instrument is 12 in. high, 22 in. wide 
and 15 in. overall, with a net weight of 
70 Ib. It is designed on a module basis, 


racks, 


mits the easy addition of such acces- 


fitting standard 19-in This per 


sories as: jitter reducing circuits for 


nonsynchronous operation and fill-in 
delay lines for short-time interval sup 
plemental control which are available 

Application of the instrument: ac 
curately generating and measuring 
time intervals. simulation of sonar tar 
gets. simulation of long range radar 
targets and = calibration of  synchro- 
scopes, oscilloscopes and oscillographs. 

The unit may be purchased with re 
duced delay ranges of 10 sec. 1 sec 
100,000, 10.000 or 1000 microsec. Ruth 
erford Electronics Co., 3707 S. Robert- 
son Blvd... Culver City, Calif 
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125-VOLT 
D-C POWER SUPPLY 


Filtered d-c power supply is suitable for 
continuously variable 0-125 volts at all 
loads up to 10 amp and intermittent 
loads up to 20 amp. A-c hum or ripple is 


less than 1 per cent at 10 amp. Special 


forced air cooling increases the margin 
of operational safety. Designated Model 
GF, the universal power 
practically all industrial d-c 


equipment for a-c lines. 


supply Op- 
erates 


Completely 
variable voltage makes it possible to 
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test all equipment under almost any 
voltage input condition. 

Requiring a 115 volt 50-60 cycle im- 
put, the supply is also available for 230 
volts imput. Other specifications in- 
clude: less than 1 per cent a-c ripple at 
10 amp; choke imput and pi type 
filters; and bridge type selenium rec- 
tifiers. Dimensions of rack-mounted 
cabinet: 19-1/2 high x 22 wide x 17 in. 
deep. Net weight, 175 lb. Electro Prod- 
ucts Laboratories, 4501 N. Ravenswood 
Ave., Chicago 40, Ill. 
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OLSEN IMPACT TESTER 


Single-purpose impact tester designed 
to meet need for Charpy Impact tests 
not only provides testing accuracy, but 
is said to meet government requirements 
for normal and cold temperature test- 
ing of metals, plastics and other mate- 
rials. 

The machine minimizes deflections 
and eliminates variables by transmit- 
ting the impact action directly to the 
heavy base. The vise, an integral part 


of the base, affords maximum clearance 
for broken specimens while the strik- 
ing bit, a special design, permits mak- 
ing Charpy Impact test with a mini- 
mum number of parts. 

In operation, a specimen is cen- 
tered in the vise at the base of the 
tester. The operator, by moving a latch- 
lever, releases the one-piece hammer 
and pendulum which 
strikes 
through to a height dependent upon 
the amount of 


swings 
specimen, then follows on 
energy absorbed in 
breaking the specimen. (Indicator re 
mains at point of absorbed energy.) 

On the return swing, the hammer is 
caught, lifted into the latch in position 
for the next test, while all necessary 
adjustments are made from the front 
cover and dial of the machine. Tinius 
Olsen Testing Machine Co., 6045 Easton 
Rd., Willow Grove, Pa. 
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iniature Relays 


| designed with 
_ all the features 
_of our DC 


. 


Now, in proven production, Union AC 
relay with self-contained rectifier has 
retained all the best operating charac 
teristics of the type M DC miniature 
relay. All parts are precision made 
assembly is quality controlled. The re- 
lay is hermetically sealed and meets or 
exceeds all requirements of Mil-R-5757 
Note these important features: 

NYLON ENCLOSED SELENIUM RECTIFIER of our 
own manufacture assures highest reliability . . . permits 


operation in 115 volt, 60-400 cycle airborne circuits. Tem 
perature range—55°C. to 85°C. 


GOLD ALLOY OR PALLADIUM CONTACTS cleaned 
and polished by @ special process, assure a degree of 
contact reliability unsurpassed in this field. Relay is especially 
fitted for dry-circuitry applications. 


4, 2 v 


NEW YORK, IVanhoe 3-2424 (Hempstead) 


BALTIMORE, VAlley 5-3431  * 
LONDON, OHIO, London 1555 


READER INOUIRY SERVICE CARDS, PRECEDING BACK COVER 


ST. LOUIS, Jefferson 5-7300 * 


Telays 


y 


HIGH VIBRATION AND SHOCK RESISTANCE. 
Withstands vibration up to 1,000 cycles at 15 G's and 
shock in excess of 50 G's. 


HIGH LIFE EXPECTANCY. Tested through 1,000,000 
operations. 


SMALL SIZE, LIGHTWEIGHT. Measures only 4” higher 
and weighs approximately 5 oz. All other construction fea 
tures are the same as the DC relay 


TYPES AND MOUNTINGS. Available in either 6 PDT or 


4 POT models, plug-in of solder-lug connections and ail 
the usual mountings. 


For complete information or test sam 
ples, call our nearest sales representa 
tive listed below or write to our home 
office. 


* BOSTON (Ashland) TRinity 2-4485 
CHICAGO, LOngbeach 1-3042 
LOS ANGELES, VAndyke 8731 
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AUTOMATION 


Tuo Symposta sponsored by Engi 


neering Department of Radio-Elec 


fronics-Televiston Manufacturers 


Association 


avromation 


oO 


PROCEEDINGS OF THE RETMA SYM 
POSIUM ON AUTOMATION “Auto 
mation for Electronics and Electronics for 
Automation complete versions of 
papers by leading electronics and automa 
tron enpineecrs 


COMpONnents systems 


reliability short run production 

versaulity case histories audi 
ence questions and answers 114 pages 
142 illustrations paper bound 


S500 postpaid 


PROCEEDINGS OF THE RETMA SYM 
POSIUM ON PRINTED CIRCUITS 
40 complete papers by top engineers 
theoreucal and practical aspects design 
problems 
bality 
techniques 


discussion 


environmental tests relia 
silver mipravion production 
audience 


146 illustra 
$5.00 


mechanization 
122 pages 


rons paper bound 


t 


lO-day free examination 


ENGINEERING PUBLISHERS 


(,PO Box 1151 New York 1, New York 


PUBLISHERS, Depr. EM 
New York 1, New York 


ENGINEERING, 


A After 10 days 


{ r will return 


Literature for the Design Engineer 


{ll-new listings of manufacturers’ literature just off the 


press 
publications relating to 


designed-in use in 


METALS AND ALLOYS DATA BOOK 
Bound in a flexible loose leaf cover 
Alloy Handbook” 


data on a range of metals and alloys, 
listing their 


provides complete 


properties and the forms 
in which they are Text. 


tables and curves provide data on low 


available. 


resistance alloys 


potentiometer wire, 
insulated wire, and electronic 
ind alloys. Data Evanohm, 
Manganin, and Tophet A, C 


ind D. and others 


metals 
covers 
Cupron 
Reference material 
ind application data are also provided 
Wilbur B. Driver Co. 
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MINIATURE HARDWARE —fiyelets for 


printed circuits and instruments, instru 
nent screws and nuts, and flat and split- 
lock instrument 


washers are among 


the types of miniature precision hard 
illustrated 4-page 


Ivelets are available in stand 


vare described in 
brochure 


ard increments from “4 to 4% in. hole 
diameters, with surfaces gold-plated to 


insure maintenance of good solder 


ibility regardless of storage time or 
conditions. Cireon ¢ omponent Co 


Circle No. 122, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE GEAR BOXES; PRESSURE 
SWITCHES 


for electroni« 


Miniaturized gear boxes 
and instrument applica 
tions, as well as for military and other 
requirements, are briefly described in a 


Additional data de 


cribes miniaturized vibration-resistant 


I-page brochure 


pre ure switches for 


ruided 


withstand vibrations up to 5 g. Three 


aircraft and 


missile systems, designed to 


eries of switches are illustrated. South 
western Industries, Inc 


Circle No. 123, Reader Inquiry Service Cards 
preceding back cover 


CARBON BRUSHES; RUBBER PRODUCTS 
Divided into two sections, one devoted 
to carbon and graphite products and the 


other to molded mechanical rubber 


products, 32-page catalog presents data 
on brushes for electrical machines, re 
sistor 


and specialties Three types ol 


brushes are available, including indus 
trial and fractional-horsepower sizes 
Products of the rubber products division 


include motor mountings, shock mounts 


components and 


including catalogs, manuals and other reference 


materials for 


electrically energized end _ products. 


and couplings for fractional horsepower 
motors. Henrite Products Corp. 
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ADHESIVES FOR PLASTICS AND MET- 
ALS—Chart lists 


application suggestions for 30 adhesive 


technical data and 


formulations for bonding plastics and 
metals to themselves and to each other 
Information form, 


covers percentage 


solids, average viscosity, lowest opti 
mum curving temperature, and other 
data. Rubber & 
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Asbestos Corp. 


RERATED ELECTRIC MOTOR LINE— 
Text and illustrations of an informative 
bulletin discuss new open drip-proof 
as well as ene losed and explosion-proof 
electric motors produced to new NEMA 
standards. More than 20 photograph- 
and 10 drawings and graphs are in 
cluded to provide additional perform 
ance, design, and 


The Louis Allis Co. 
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application data 


CERAMIC MATERIALS —Technical data 
on 1] ceramic materials are provided in 
a 6-page bulletin featuring charts list- 
ing physical and electrical characteris- 
tics of Alumina, Stupalith, Cordierite, 
Forsterite and other ceramic materials 
Typical applications are given, as well 
as information on such design consider- 
ations as tolerances, flatness, walls, and 
Stupakoff Div. of The Car 
borundum Co 


surfaces 
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A-C MAGNETIC STARTERS—RKeversing 
and nonreversing line-voltage a-c mag 
netic starters are the subject of an 8 
page bulletin detailing the construction 
applications and engineering specifica 
tions of the various available models 
Also listed are thermal overload relays 
used in conjuction with the starters 
Essex Wire 
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MINIATURE BALL BEARINGS 


dimensions in dynami 


Basic 
capacities tor 
over 300 standard radial ball bearings 
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Mechanisms Run Sweeter, Longer 
with the Better Stamped Gears We Make 


A Gear stamped by WINZELER measures up to a remarkable 


degree of accuracy. Whether we make them by hundreds or FREE! STAMPED GEAR GUIDE 
thousands . . whether it’s a little spur or a big, laminated, wide 7 

face Gear .. EACH ONE will equal or surpass the most exacting 

specifications! WRITE TODAY for useful 4-page 


Think what that means in smoother, sweeter performance. And folder a valuable guide to all that 


think even more of the big saving in cost and assembly time. Then, is best in the mass production and use 
pater sati i i arger 

too, greater sat sfaction with your product brings a larger and of low-cost Stamped Gears, Tools and 

more profitable business. These are some of the reasons why the 


use of WINZELER Stamped Gears has grown so fast. More and Assemblies. Many various types are 


more critical manufacturers from coast-to-coast come to us for a// described. Also contains technical 
of their needs. You, too, should sample the many superior advan- 
é hese better Gears give. We stamp them in production run . 
tages t . yoate © cams PLOGUCHON FURS company stationery, please! 
from any material. Sizes range from 8 to 96 dp and from .006 to 


%e" thickness. Will you tell us exactly what we can do to help you? 


data, tables, ideas, suggestions. Use 


WINZELER MANUFACTURING & TOOL CO. 


1712 WEST ARCADE PLACE #* CHICAGO 12, ILLINOIS 





H#eet 


the 


i? 
Here's a littl man you'll 


surely want to know. 


Philosopher and physicist, 
mathematician and mechanic, 
designer and doodler, dreamer 
and detective these are a 
flew of the intriguing facets 
which make up the engaging 


personality of the abbot 


Space doesn’t permit us to tell 
you all about him here. Suffice 
it to say that he’s a dedicated 
soul (he professes no specifi 
creed or faith) who has 
devoted his life to a study of 
the “Nature and Application 
of the Ball” particularly 
ourown DEEP HARDENED 
and TEMPERED carbon 


ste el by arin balls. 


We think you'll want to read 
the fascinating case histories 
Which he will present in’ this 
pace im the months ahead 
But first, we'd like to send 
you a more detailed and com 
prehensive explanation of this 
little man’s background and 
favorite study subject. So, 
just drop us a line and we'll 
send you a formal introduc- 


lion to lhe abbot. 


THE 
ABBOTT BALL 


COMPANY 
60 Railroad Place 
Hartford 10, Conn. 
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and over 50 other standard ball bear- 
ings illustrated and tabulated in con- 
densed, supplementary catalog 1955-56- 
C. In all, 21 standard types of miniature 
ball bearings are described. In addition, 
reference data are provided on bearing 
materials, tolerances, operating speeds 
and load ratings. Miniature Precision 
Bearings, Inc 
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REFRIGERATION AND AIR CONDI- 
TIONING WIRE AND CORD—Included 
in a 4-page brochure on refrigeration 
and air conditioning wire and cord are 
descriptions and specifications — for 
heater wire, and internal refrigeration. 
room cooler and air conditioning wire 
Additional listings cover lead wires, 
flexible conduit, thermostat cable and 
power supply cords, Data on size, in 
sulation, dimensions temperature range 
construction and approvals are pro 
vided, bkssex Wire Corp 


Circle No. 130, Reader Inquiry Service Cards 
preceding back cover 


PRECISION METALS SERVICES Text 
and illustrations of 16-page booklet 
describe facilities of a complete pilot 
plant for producing small (10-lb) ingots 
by regular or vacuum melting, and 
forging, annealing, heat treating, rolling 
ind drawing the resultant metal. Avail 
able are special facilities for rolling 
strip down to only 0.00025 in. thick 
Allied Products Div... Hamilton Watch 
Cao 
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FRACTIONAL. INTEGRAL - HORSE - 
POWER MOTORS Small illustrated 
brochure shows at a glance a complete 
line of fractional-horsepower motors 
(Yo to | hp) integral horsepower 
motors (1 to 200 hp, to 150 kw), and 
large equipment (over 200 hp and 150 
kw). Also briefly described are company 
facilitic Marathon Electric Manufac 


turing ¢ orp 
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SEALING GRIP FOR FLEXIBLE CORDS, 
CABLE—Six-page small pamphlet de 
cribes a line of water-tight sealing 
grips for portable cords and cables 
used with all types of electrical equip 
ment. Text, tables and illustrations de 
cribes in detail the variety of conduit 
ind cable sizes available in five body 


ty yn The Pyle-National Co 
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PRINTED-CIRCUIT DIP-SOLDERING — 
Fluxes solder ind technique for 
printed-cireuit) dip soldering are de 


scribed in Information Bulletin No 14 


" ELECTRIC COUNTERS — 
and ACTUATORS 


ee 
¥ é 


SUPER-WIZARD 


1000 CPM. 

5 watts input. 

Balanced Armatures. 

4 and 6-digit mod- 

els in basemount, 

panelmount and 

dustproof enclosed 

types for 60, 40- 

50,25 cycles and DC; all voltages to 230. 


Purchase cost only 18¢ per million counts 


50,000,000 COUNT LIFE 


600 


1000 counts per minute 

7 watts power consumption 
Balanced armature 

Quiet operation. No AC hum. 
Tamper proof housing 

Lubrication not required 

Available in basemount and panel- 
mount models also to count dozens, 
for 60, 40-50, 25 cycles and DC; all 
voltages to 150 


6,000,000 COUNT LIFE 


<> wercur 


4-digit Reset 
600 Counts per minute oes 
3 watts power input 2 
A-digit Basemount and Panelmount 
models also to count dozens all 
voltages to 115, AC or DC 


<> veRcuRY 


5-digit non-reset 
600 Counts per minute 


3 watts power input 


Tamper proof construction 


See your PIC Rep- 
resentative or write 


700-04 W. Jackson Chicago 6, Illinois 
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TEST SETUP. Conventional fuses and G-E Type 
CLF fuses are mounted in standard fuse boxes for 


CLOSE-UP OF CONVENTIONAL FUSE shows that [ail FORCE OF EXPLOSION in normal opera 
short-circuit test of 40,000 ampsat 575 volts A.C 


ure to interrupt has touched off explosion. Picture ti 


m could seriously injure operator 
was taken at instant the test power 


vas applied ind necessitate fuse box replacement 


CONVENTIONAL FUSE IS BLOWN completely out 


ol? 


FRAGMENTS OF CONVENTIONAL FUSE, picke CLF FUSE shows no external damage 
use box (see arrow lower right). In another from various parts of the room, show force 


Other tests ranged from slight cver 
test, closed fuse box door blew open violently ion possible in any plant with inade late fuse id up to rating of 100,009 amps 


HI-SPEED MOVIES OF DRAMATIC TEST PROVE... 


| G-E Type CLF Fuses Protect Your 
— Circuits When Conventional Fuses Can’t 


can’t affor Oo ike chances when costs so little te 


idequate Ising nd when the re: 
ystem and the 


ossible 


The General Electric Type CLF fuse i 
such applications on low-voltage curt 


ee ae oe ae ee aero TYPE CLF FUSE CARRIES LABEL OF UNDERWRITERS’ \ABoRATORES | 


General Electric Company 
Section F522-3 


Schenectady 5, New York 


Please send me bulletin GEA-6319, Type CLF Fuse 
NAME 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


COMPANY 
STREET 


CITY 


. 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





Product information is given and reter- 

| | M ... for “flight - vital” cee or adet acetone 
° ° solder performance and related topics. 

ground installations Fypical of the products described is 


No. 150 Printed Circuit Solder, a silver 
bearing alloy that can be used at tem 
peratures as low as 450 F without the 
precipitation of a tin silver alloy. Hi 
Grade Alloy Corp 
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BRONZE APPLICATION HANDBOOK 
Complete with tables, graphs and photo 
yraphs, 28-page booklet discusses engi 
neering propertse tn and applic ations ol 
Ni-Vee bronze alloys, containing 5 per 
cent nickel, 5 per cent tin and varying 
lead conten \ family of five alloys 
heir excellent “as cast” properties can 
ve elevated still further through heat 
eatment \pplication machine-tool 
years for printing 

variety of other in 


Phe International 


3 Reader Inquiry Service Cards 
preceding back cover 


NON-METALLIC MATERIALS Bro 
ves a full line of nylon 

clalty non-metalli: 

ol properties ind 

Materials are available 

red, strip, tubular bat 

ibing., tape and plate 

family is illustrated to 


ile shapes. Standard size 


HAYDO *7008 SERIES areca ta seagate are 
ELAPSED TIME INDICATOR wcle No. 136, Reader Inauiry Service Cord 


jing back cover 


Now available for 60 cycle operation RERATED MOTORS [oth totally 


losed fan-cooled and open drip proot 
Now available for 60 cycle as well as 400 cycle operation, HAYDON i of 


el 


rerated motors are detailed in 
7008 Series Elapsed Time Indicators retain the same important features iNustated pamphlet describing the 


high quality, extreme dependability, compactness and light weight. new Serie 100) motors. Outstanding 
ivn teatures ime luce a motor cooling 
Here is the ideal means of providing precise, fully reliable timing for the tem utilizing a new slotted stator 


many types of vital, permanent or portable ground installation equipment ign; fully protected bearing 


that require an accurate record of running time for correct maintenance uction incorporating the Howellube 


! ten i ‘ ‘ ) . a 
and assured functioning wae cm ind cold-rolled steel 
ime Additional data and specify i 
On the ground or in the air — wherever performance demands sky-high tion ire: provided by cut-away view 
timing standards — count on HAYDON. Write today for Engineering Bulle text, tabl Howell Electric Motors Co 


le No 7, Reader Si ds 
tin No. 5 describing the new 7008 Series Indicator for 60 cycle operation Cire . va Lo oo rvice Cards 


. and for catalogs describing the complete lines of HAYDON Timing 


Motors and Devices. Or contact the HAYDON Field Engineer located HEAVY EQUIPMENT VIBRATION ISO- 


near you LATORS How lattice mountings solve 


problems of low-frequen high-ampli 


tus I } lit 
” ‘ du 


*Trademark Reg. US. Patent Office 
machiner 


l 


: ed out in an illustrated 4-page 
HA YDON POUT complete wil! specifications 
AT TORRINGTON A SUBSIDIARY OF GENERAL TIME CORP ication data. Features of the 
nelude one-piece bonded 
| n 


isolation of horizontal as 


| HEADQUARTERS FOR HAYDON Manufacturing Company, Inc. : * z | i cal vibratior lue to t 


TIM / NG 2526 ELM STREET, TORRINGTON, CONNECTICUT ction of the rubber section of the 
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Resists fatigue at 800° F with “R” Monel 
alloy. These American Phenolic Corp 
connections provide water-tight, gas-tight 
electrical connections for aireralt engine 


They don't corrode or rust 


q': rminal belts, nuts and springs pro 
tected by Monel alloy. Sulfur-laden 
atmosphere, dampness, heat and cold dow t 
affeet this gear. Monel parts insure posi 


tive signal and switching re Sprotise on threwe 


lr imsport Products ¢ orp. re lay 


That fastening failure... 


maybe an Inco Nickel Alloy will prevent it 


You can be sure of one thing. extra wear resistance. Or Permanickel 


Recurring failure of a metal fasten high-conductivit ive-hardenabl : 

"e kel Lxtremes of heat and cold don't affect 
ing in an electrical device has a cause saree wire termination deviees made of luce 
a cause you can tt ick down ind Then there are Inconel” nicke | Nickel Alloys by Seeger- William 


usually design out. chromium alloys to retain high proper They're applied in the plant with 


Maybe it’s corrosion. Or thermal ties at high temperatures, take thermal | cherie: an a eee 
shock. Or relaxation. Or metal fatious hock. Age-hardenable Inconel \ 

Or wear. Or inadequate conductivity alloy goes even further resists Cor Strong Monel rivets 

Or any one of dozens of hazards which rosion and relaxation of femper wher hole Bimetal els f 


ments firmly and in 
ordinary metals don’t overcome and stressed to LOO.Q00 psi in temperature 


Ineo Nickel Alloys do in the LOOO’E range 


ure accurate respotine 


haracteristios im the 
Monel* nickel-copper alloys, for « sa safe bet that these or other Inco ison Thermal Rela 


; (hood corrosion resist 
all ple, provide physi ils Con preur ible oys Can handle most of your ines md ea elineh 
to steel... plus unique resistance to ou signments. And Ineo's ‘Tech 


iti nd LEE producing 
corrosive fluids and : s. Fasy work rine ee Department is standing the unit on a low re 


ing qualities, too. by whenever you want suggestions. Just Jeet basi 


. . . ‘ “us tt word 
Consider free-machining ‘R’’ Monel eee 


alloy ... with superior resistance to The INTERNATIONAL NICKEL COMPANY, Inc 
fatigue. Or “kK Monel* alloy... . for 67 Wall Street i ' \ 


Monel Rivets 


Pork o, .N. J 


MONEL® * “R” AONEL * “K MONEL * “KR MONEFL * “'S’'" MONEL 


4™ . 
INCONEL® * INCONEL “X’’” * INCONEL “W’® * INCOLOY™ © NI-O-NEL INCO, Nickel Al loys 


NIMONIC™ Alloys * NICKEL * LOW CARBON NICKEL * DURANICKEL 





PHAOSTRON 


i we, ee Fe 2 


CUSTOM 
PANEL 
METERS 


2/2" of 3'/2"' Squore 


4" x 6" Rect 
with Mirrored Scale 


A\/o"' Rect 
Chrome or Black 


also available 


illuminated 


The appearance of your equipment 
will be enhanced by PHAOSTRON 
meters with their high style, die cast 
bezels and large easy-to-read 


sc ales 


You can depend upon 2% accur- 
acy because these meters are cali- 
brated to within 1% of full-scale 
deflection with controlled, certified 


standards 


Continuous accuracy is assured by 
the UNITIZED METER MOVEMENT 
ASSEMBLY which provides integral 
mechanical stability. The aged 
alnico magnet of the meter is 
protected from the effects of stray 


magnetic fields by the steel case 


These units are also equipped with 


insulated zero adjustments 


Nine Types in 77 Standard Ranges are available at your Parts Distributor 
If you have a special requirement, write to the Product Development Depart 


ment for a practical recommendation 


PHAOSTRON INSTRUMENT AND ELECTRONIC COMPANY 
151 PASADENA AVE., SOUTH PASADENA, CALIF. 


eee eens 


lattice-designed rubber flexing element 
Lord Manufacturing Co. 
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PAPER CAPACITORS Mineral-oil-im- 
pregnated paper dielectric capacitors, 
described in a 12-page catalog, in- 
clude metal-clad miniatures, drawn rec- 
tangular case models, and _ bathtub 
types. A-c and d-c types are available, 
some designed for operating up to 125 
C. Characteristic charts, dimensional 
drawings and other illustrations are in 
cluded. Plastic Capacitors, In 
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FLUORESCENT LAMP BALLASTS SE- 
LECTION GUIDE——Covering manufactur 
er’s complete line of fluorescent lamp 
ballasts, 12-page Catalog GEC-983G 
contains wiring diagrams for fluorescent 
lamp ballasting circuits, cross-section 
dimensions, list prices and specifica- 
tions. Included are ballasts for general 
line fluorescents, dimming and flashing, 
germicidal fluorescents, rapid-start and 
circline lamps, among others. General 
Electric Co 
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STAINLESS STEEL SOLENOID VALVES 
Additions to the line of stainless steel 
solenoid valves include normally closed 
and normally open types in three sizes 
114, 1% and 2 in. Features include all 
stainless steel construction, renewable 
Teflon discs, full ports, unbreakable 
stainless steel piston rings, and packless 
operation on a wide range of operating 
pressures. Molded coils are designed 
tor 250 F service; coils are available 
for higher temperatures also. J. D 
Gould Co 
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SOLDERLESS FITTINGS: ELECTRICAL 
HARDWARE. —-New 4-page catalog con- 
tains illustrated descriptive and price 
information on manufacturer's complete 
line of solderless fittings and electrical 
hardware products. Information is pro 
vided on splice caps, vinyl insulators, 
new nylon insulators and terminal lugs 
Among other available products are the 
C-24 pre-SURE-tool and insulated me 
tallic conduit bushings. Buchanan Elec 
trical Products Corp 
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SELF-STICKING WIRE MARKINGS 

Heat-resistant to 300 F, vinyl cloth 
wire markers, described in large Bul- 
letin No. 130 C, are precut to exact 
sizes and mounted on convenient dis 
penser cards. Cards may be obtained 


with identical or combination of non 
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The coil leads on this 

50 kva, 34.4 ko Pole 
Star transformer must 
withstand sharp bend 
ing during assembly, and 
also permanent immersion in 
hot transformer oil during opera 
tion of the unit. That's why the 
high voltage tap and line leads on 
this, and most other Pole Star 
transformers made by Pennsylvanta 
Transformer Company, are wired 
with Rome Synthinol® 901 

Ability to withstand heat of soldering without affect principal requirement for transformer coil leads. The 

ing adjacent insulation—as in the above production coil to which the connection is being made is for 

step at Pennsylvania Transformer Company—is a 25 kea Pole Star distribution transformer 


Are your wiring requirements this rugged ? 


Suppose you were building elec- leads on most sizes of Pole Star dis the National Electrical Code. U/L. 


trical distribution transformers. The tribution transformers. approval as appliance lead wire for 


wiring material you pick for the For the designer and manuta¢ 600 volts at 90° C. through size 
coil leads would have to: turer of electrical equipment. this 10 AWG and for 105°C. on size: 


1. Retain its high dielectric strength points a moral. Where operating No. 24 through No. 8 AWG. Con 


despite permanent Immersion in conditions threaten circuit life forms to standards of the National 


hot transformer oil ( without con- Rome Synthinol 901 provice Ss un Machine Tool Builders Association 


og , ) equaled resistance to moisture, cor This one wiring material resist: 
taminating the oil). | 


2.W ithstand heat ot soldering to the rosive acid chemi als and fumes more physic al hazards than any 


coil wire. oils and cutting solvents other. We invite you to prove thi 


3. Be flexible, permitting sharp Important industry approval claim for yourself, in your own labo 


bends during assembly, without point up the usefulness of this multi ratory oO! plant There's more in 


cracking purpose wiring material: U/L. ap formation in Bulletin TW-L. Writ 


1. Strip easily for connections. proval a: Pype PW for 60° C. under 

Pennsylvania Transformer Com 
pany of Canonsburg, Pennsylvania 
Division of McGraw Electric, gets It Costs Less 
ill these characteristics from Rome to Buy the Best 
Synthinol® 901. That’s why they uss 


it for the high voltage tap and line 
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THE HOTTEST THING IN 
CARTRIDGE HEATING-UNIT HISTORY 


THE NEW WATLOW 


FIREROD 


CARTRIDGE 


. . 


N 


A New high in Watt Densities and temperatures ou ner 
rene: be meme ae lalel ele 


For convincing test-proof and other information, write 
for new FIREROD Bulletin 


Oo. 
1362 FERGUSON AVE. 
SAINT LOUIS 14, MO.) 
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Use This ne nient Saunas maeeeccsecsans 


conductive conduit and voltage markers, 
solid machine tool control symbols, 
solid NEMA colors, and many others 
W. H. Brady Co 
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PRECISION ELECTRICAL INSTRU- 
MENTS—I|lustrations and text of 4page 
catalog give specifications of such 
electrical instruments as impedance 
and capacitance bridges, a compari- 
son bridge, fault-locating wheatstone 
bridges, decade boxes, and voltage di- 
viders. Other listings cover potentio- 
meters, rheostats, and similar devices. 
Electro Measurements, Inc. 
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ARMATURE WIRE STRIPPING —Reprint 
of an article that originally appeared 
in ELecrricAL MANUFACTURING points 
out that methods in current use for 
removing coated insulation from small 
motor leads are also applicable to strip- 
ping general classes of lead wires. Re- 
sults are presented of a survey made to 
determine what stripping methods are 
currently used by motor manufacturers 
and degree of satisfaction these methods 
are giving. The Eraser Co., Inc. 
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ZIRCONIUM Described in a 1-page 
brochure are three basic types of zir 
conium metal and alloys available in 
quantities as ingot, forged billets, hot 
mill products for further fabrication or 
as cold mill products such as sheet, 
strip and wire. Both seamless and 
welded tubing are available. Tables list 
nuclear and mechanical properties of 
zirconium base metals; commercial 
grade. reactor grade, and Zircaloy I] 
The Carborundum Metals Co., Inc 
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MOLDED TERMINALS AND ELECTRIC 
COMPONENTS -Fxamples of fabrica 
tor’s compression and transfer custom 
molded products includes a variety of 
stand-off terminals, including submini 
ature types, melamine jacks, and black 
pointer knobs approved for military use 
Representative products illustrated are 
made from general-purpose, mica-filled, 
and high-impact phenolics, as well as 
glass-reinforced alkyds and other ther 
mosetting plastics Whitso, Inc 
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MINIATURE ULTRA-LOW TORQUE SE- 
LECTOR SWITCH Miniature ultra-low 
torque precision selector switch de 
scribed in at: illustrated brochure can 
he used for sampling up to ten circuits, 
as a pulse generator for precision meas 


urements, for strain gage purposes and 
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Another 
engineering FIRST. 


by International! 


This 
thermodynamic design— 
developed in International’s 
Research Laboratories 
—sets new standards for 
heat dissipation 
in Germanium Power 
Rectifier Junctions. 


Finned copper housings—the most effi reverse resistance. Extremely low leakage 


cient heat exchangers vet idapted to power t and low forw ird drop lowe t of all 


rectifiers—measuring | than 2” in diam lable metallic rectifiers ) emphasize the 


eter provide i tot il cor ling urtace of 58.3 tages of these unit D.¢ output cur 


q. inches! International's Style F Germa up to 2250 amps per assembl 


junction ! p to 100,000 


which has been acclaimed by lead 


lers in hie u oltage range 


with 


nium Power Rectifier utilizes thi imps in combination 


the engineering professic the 

idvanced rectifier de 

aun eo a7 8 one International's Ke 
Liquid Cooled Convection Cooled ind Production of Inter: 


line of Gen ! Ow reat ectification ¢ 
International offers a complete line of Ger ‘ | 


ig elled pe mance ou ( f } j wire letter 
nium Powe tectifiers. For complete : 
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11.3% MORE 
DIELECTRIC 
STRER GTH with 


ELECTRICAL TAPE 


Prove F.O.S. 
superiority 
with simple 
“Light Test’ 


Why does F.O.S. give your product greater 
protection — with less bulk? The difference 
is the F.O.S. adhesive compound — its com- 
position and our unique Strontium 90 
Isotopic method of applying it to the back- 
ing. Result — a denser, more even, more 
consistent adhesive coating with unusually high dielectric ratings ~ 


71.3% higher than leading competitive tape. Try it! 
Dielectric Volts 


Leading competitive tape 


F.O.S. electrical tape 


WRITE FOR FREE SAMPLES —Prove the superiority of F.O.S. electrical tapes 
yourself. Hold competitive tape and F.O.S. up to a bright light, adhesive side 
toward you. Notice the smooth, consistent coating of F.O.S., free from 
pinpoints of light. Specify F.O.S.—it pays you in superior, dependable 
performance. Write now for free samples 


F.O.S. INDUSTRIAL TAPE DIVISION 


THE SEAMLESS RUBBER COMPANY 
NEW HAVEN 3, CONN. 


other uses in aircraft, servomechanisms 
and other devices. Specifications are 
provided for an 8-position switch using 
24 k gold for the slip rings, commuta- 
tor, and brushes. Housing is a No. 10 
synchro case. Weight, 0.42 oz. Electro 
Tee Corp. 
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AUTOMATIC CABLE CHECKER — Flexi 
bility of Model 209 Automatic Cable 
Checker is made possible by its two 
easily carried units—-one a contol, the 
other slave. Illustrated brochure points 
out such applications as testing con- 
tinuity between connectors; checking 
shorts between any wire and the shell; 
rapid check of unterminated cables and 
other uses. Unit visually shows connec- 
tions on illuminated panel. Removable 
receptac le plate accommodates con. 
nectors up to 49 pins, as many as 20 
connectors. Link Aviation, Inc. 
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PRECISION ELECTRONIC COMPO- 
NENTS Among new products de 
scribed in Catalog No. 555 are capaci 
tors for transitorized circuits, wax-filled 
cardboard tabular capacitors with fab 
ricated plate, and other products for 
electrical and electronic equipment 
Complete listings of company products 
include capacitors, rectifiers, batteries, 
and vibrators, as well as variable, fixed 
and adjustable resistor lines. Switches 
and special components are also avail 
able. P. R. Mallory & Co., Ine 
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ENVIRONMENTAL TEST EQUIPMENT— 
Manufacturer of low temperature and 
environmental test equipment provides 
data in a 4page catalog on a line of 
self-contained packaged units, requiring 
only electrical, water supply and drain 
connections for operation. Cabinets are 
available with clear working spaces 
ranging from 10 to 40 cu ft. Listed ar 
some of the military program schedules 
attainable with the test chambers with 
program control. Hudson Bay Co., Div 
of Labline Inc 
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MECHANICAL RUBBER HANDBOOK— 
Large design handbook on rubber and 
rubber-like products, publication No 
MT-56, contains specially prepared data 
on the characteristics and uses of vari 
ous types of base polymers, as well as 
on their relative resistance to specifi 
chemicals. Useful recommendations are 
included on the mechanical design of 
molded and extruded rubber products 
together with specific information on 
mold design and production processes 
Also included are actual rubber and 
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They asked for the “impossible” .. . and 
got it! 


Here’s the die casting that “couldn’t be 
made.” But Stewart found a way to turn out 
12,000 a week. 


This helical gear is only one example of 
how many firms large and small have put 
Stewart’s long experience to work. 

Perhaps you have need for a die casting. 
Whatever it is, you can count on Stewart to 
meet your specifications . . . accurately, and 
on time. 
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rubber-like swatches. The Lavelle Rub 
ber Co. 


Circle No. 152, Reader Inquiry Service Cards 
SAVE preceding back cover 


on original development costs en 


by using REULAND ELECTRIC'S COUPLING—Bulletin No. 240 describes 


the H coupling, with particular refer- 


ence to the special U-packer which 
SPECIAL- MOTOR “TIBRARY”’ gives positive seal without compression 
set because of rubber distortion. The 


Over 900 Different =e are designed to handle hy. 
arauls or air pressures up to y 
MOTOR #184 Electric Motors 


psi in the 14 in. size. A cutaway view 
Sau EEEEEEEEEEEEen is provided. Snap-Tite, Inc. 


Circle No. 153, Reader Inquiry Service Cords 
HIGH STARTING TORQUE ON LOW preceding back cover 


CURRENT — plus variable speed re- 
duction, are features of this Slip 
Ring Gear Reducer motor. Aids in ONE-HOLE-MOUNTING LEVER-LOCK 


getting heavy loads up to full speed SWITCHES—One-hole-mounting — lever- 


Slip Ring through step by step starting 


eaten lock switches are described in Bulletin 
, , . . 


a 7005B-33, which points out standard de- 


sign features for models available in 
single, double or four pole design. Also 
available is Bulletin 7005B-1, providing 


FLUID-CUSHIONED ACCELERATION, data on aircraft switches, most lines 


aes cana pect of which are provided with a standard 

smooth starts, prevents “jamming” of Silastic lever seal; switches with the 

equipment. New “doughnut” magnetic seal are said to meet all requirements 
Fluid-Shaft # x 


a brake can be mounted before or after of MIL-S-6745 and JAN-S-23, as well 
Motoreducer . : ‘et 
u ith eaiee coupling —or both as satisfying other military require 


ao ments. Cutler-Hammer, Inc. 
MOTOR #841 \ Circle No. 154, Reader Inquiry Service Cards 
SAT - preceding back cover 


MOUNT PUMP DIRECTLY TO MOTOR’S : 
END BELL —Eliminates usual need for BERYLLIUM COPPER STRIP—Twelve 
separate pump-mount platform. In page bulletin No. 6, 
sures absolutely perfect alignment 
with pump shaft. Available with 4 2. 
flange on one or both ends. For all for ordering the strip and presents dis 


» Hydraulic Pump standard pump makes cussions on available alloys, tempers 
Mount Motor 


“Specifying Beryl 
lium Copper Strip.” offers suggestions 


sizes and tolerances, together with tab 


- ular data on properties. Additional in 
MOTOR #912 \ formation is provided on Penntemp 
. a ee mill-hardened beryllium copper strip, 

» >a oO ‘ » > ea 
COMPACT SPEED REDUCER _ This which requires no heat treatment. Penn 


Dug « ) @ 
right-angle, worm type gear re Precision Products, Ine. 


ducer provides lowest cost speed Circle No. 155, Reader Inquiry Service Cards 
reduction. Mounts on floor, over preceding back cover 


head or side. Extremely versa 


tile, multi-shaft load hook-up NICKEL MAGNETOSTRICTION TRANS- 
Stahiiheiid Fits tightest quarters 
ight-Angle 


‘ DUCER DESICN—‘“Design of Nickel 
~vo Magnetostriction T lucers” has been 
Motoreducer 5 ie agnetostriction ransauc lé ) 

prepared to summarize practical ex 
perience in the field that would guide 
an engineer toward a workable design 


of magnetostrictive transducers in the 


SUE LEMS SRM Rae Te sonic and ultrasonic regions. Author 


ia Don't pay for special motor development until you first check of the design manual has provided in 
TOR asa LMU Rec formation on construction and the 


new XPANDABLE DESIGN idea has produced literally hundreds fundamental operation of the trans 


ae Le ee eer ee ducer, as well as on performance limits 
answer to your needs 


Reuland also produces a complete line of standard electric 
motors. Free engineering literature will be sent upon request 
Ue Ue eae eee re aCe 


and functions. Additional reference 
material includes two appendices and 
a bibliography. The International Nickel 
i Ine 


Circle No. 156, Reader Inquiry Service Cards 


preceding back cover 
REULAN ELECTRIC COMPANY 
Distributors In All Principal Cities 


PACKAGE TESTING—Newly revised 
Western Division: Alhambra 19, Calif. ~ Eastern Division: Howell 19, Mich. Little Packaging Library booklet, “How 


to Test Corrugated Boxes,” offers a 
comprehensive check list by which to 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


Shop Talk 


TAYLOR 


Plants in Norristown, Pa 






FIBRE CC ©’, 
and La Verne, Calif 


PHENOL — MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES * VULCANIZED FIBRE * POLYESTER GLASS ROD 


Tips for designers 


—. 

s —4fe 7 \ 
Xi Ae é Nee 
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—_—— er 
25 

Flippers for loose-leaf binders are made of 
economical Taylor Vulcanized Fibre . . . affording 
added rigidity and good protection for the paper 
pages. 


Large exhaust fans use Taylor Paper Base 
Phenolic washers to help absorb thrust . . . an inex- 
pensive arrangement, with long life. 


ae 


Radio antennas for the colorful, new cars may 
be made from equally colorful Taylor Polyester 
Glass Rod, with a copper wire center 


Se 


Self-balancing servo motor has stator case 
insulator which is cold-punched from \éa" thick 
Taylor Paper Base Phenolic Laminate sheet. 


VISIT WITH TAYLOR 
AT THE 1.R.€.. SHOW 


personnel 


Qualified technical 
will be on hand in the Taylor 
booth (4675) at the I.R.E. Show 
in New York’s Kingsbridge 
Armory, March 19 through 22. 
Visit with Taylor while you're 
at the show and discuss your 
application requirements as well 
as the latest advancements in 
high-performance laminates. 
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This impeller shaft, 






























used in the famous Hotpoint Dishwasher, is easily 


and economically fabricated from Taylor Paper Base Phenolic Tubing. 


Fabrication ease 


—=when you use 


“conomy-minded designers and 
production managers are discov- 
ering plus qualities in the ex- 
cellent fabricating properties of 
Taylor phenol, melamine, silicone 
and epoxy laminates. In addition, 
the large sheet size and choice of 
forms in which these materials are 
supplied make for further econ- 


omy in utilization through 
maximum yield of purchased 
stock. 


This outstanding ease of fabrica- 
tion is not happenstance. . . for 
all Taylor laminates are the result 
of resin formulations and produc- 
tion techniques designed to facili- 
tate economical conversion to 
completed parts. Punching, stak 
ing, milling, sawing, drilling .. . 
you'll find it’s easier when you use 


a Taylor basic material. 


holds down costs 


Taylor laminates 


Included in the broad selection of 
‘Taylor laminates are a great va- 
riety of different bases and dif- 
ferent grades . . . each with its own 
combination of electrical and 
physical properties, qualifying it 
for a specific application at a rea- 


sonable price. 


And, here’s another plus! Your 
production problems can be sim- 
plified . . . schedules safeguarded 
... inventory headaches cured ... 
and overall costs reduced ... by 
having your finished parts pre 
pared to your specifications in the 
Taylor Fabricating Division. Val 
uable experience coupled with 
complete facilities are ready to 
serve you. Call on Taylor for a 
discussion of your particular re- 
quirements. 





Research 


and Development 


at Tucson 


The Hughes Research and Devel pment Laboratori 
have now been extended to Tucson, Arizona, 

where the deadly air-to-air Falcon i 

pre ently being produced for the U.S. Air Fore 

and Canadian continental defense inte reeptor 


This is in line with a long-range program 
that includes application of the Hughes Falcon to more 
and more type of military aircraft 


ENGINEERS 
PHYSICISTS 


New positions are being cre ated in fields of 
peci ihizanon covering the compl te range 

of structural, hydraulic, clectromic, and 
electromechanical engineering. Experimental, 
analy al, or le vn il litte will be 


required of those who work in these area 


Scientific Staff Relation 


H U GHEE S 


H AND DEVELOPMENT LABORATORIE 


TUCSON, ARIZONA 


judge the protective qualities and gen- 
eral efficiency of specific corrugated 
boxes. Individual checks to which boxes 
are normally subjected are described 
and illustrated. Testing terminology is 


fully defined. Hind & Dauch. 
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TACHOMETERS Nine different types o1 
tachometers, some portable and others 
designed for permanent mounting on 
machines, are described in an illustrated 
page brochure providing data on 
centrifugal, chronometric and vibrating 
reed types. Listings include three new 
types, including an analog contact tach 
ometer serving not only as an indi ating 
device but also as a controlling and 
signaling unit. Herman H. Sticht Co 
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RECULATED POWER SUPPLY—Onie 
page data sheet describes two new elec 
tronically regulated power supplies with 
output voltages variable from 0 to 500 
volts d-c and d-c currents from 6 to 500 
ma. Regulation is less than 0.5 per cent 
during a-c supply fluctuation from 105 
to 120 volts rms and from 0 to full load 
current under any combination of 
supply voltage and load current within 
these ranges. Other specifications and 
design features are provided. Deltron 
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MAGNETIC TAPE RECORDING AND 
PLAYBACK SYSTEM Designed to solve 
the dual problems of multipoint data 
gathering and rapid data reduction 
the Datatape magnetic tape recording 
and playback system described in an il 
lustrated brochure is available with a 
wide choice of modulation techniques 
The standard recorder units are offered 
with either 14 or 28 recording tracks 
Consolidated Engineering Corp. 
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TRANSISTOR POWER SUPPLIES —fx 
panded line of tubeless transistor power 
supplies are described in an illustrated 
I-page catalog providing technical and 
descriptive material on power supplies 
designed for: transistor applications 
tubeless single and dual units, and con 
stant-current converters. Among new 
models are all-transistor semiconductor 
power units. Electronic Research As 
sociates, Inc. 
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ELECTRONICS FACILITIES Pointing 


out that its diversification of experience 
results in better electronics equipment 
for national defense and _ industrial 
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A SERVANT TO ELECTRICITY 


Electrical energy and its ready availability 
are indispensable to the great American economy. 
Newport Steel sheets are performing essential serv- 
ice as an integral part of generating and distrib 
uting equipment for power utilization, even though 
product identity may be lost. With a background 
of seventy years of quality steelmaking, Newport 
today augments the skill of its personnel with the 
most modern facilities and methods. Extra value is 
added by location in the heart of today's greatest 


industrial expansion. Newport Steel continues to 


grow with the amazing development of this area. 


PRODUCTS OF 
NEWPORT STEEL 


Cold-Rolled Sheets 

Hot-Rolled Steel in Coil 
Hot-Rolled Pickled Steel in Coil 
Hot-Rolled Sheets 

Hot-Rolled Pickled Sheets 
Galvanized Sheets 
Galvannealed Sheets 
Colorbond Sheets 

Electrical Sheets 

Alloy Sheets and Plates 
Electric Weld Line Pipe 
Roofing and Siding 

Eave Trough and Conductor Pipe 


ECONOMICAL WATERAIL-TRUCK DELIVERY Cubparte 


CORPORATION 


NEWPORT, KENTUCKY 


JZ 
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with these rugged nylon 
TMM lL mil Td 


Wustrated above— 
Johnson's new nylon 
insulated banana 
plug. Below—a cut 
away view of the new 
nylon insulated tip 
plug two of the 
toughest, most dura 
ble connectors avail 


able today! 


Look at these features: 


@ Shock-proof nylon insulating handles —won't 
chip or crack with the hardest usage. 

@ provides high voltage insulation 

@ Highly resistant to extremes of heat, cold 
and moisture. 

@ Special design for simplified solderless con- 
nection of up to 16 gauge stranded wire. 

@ Economical simple, functional engineering 


design gives you top quality at low cost, 


SPECIFICATIONS 
BANANA PLUG 


struction with nickel-silver springs. Spring plug is 


nickel-plated brass con- 


175 diameter, fits all standard banana jacks. 
TIP PLUG 


sulated, preventing exposure of metal surfaces 


recessed metal head is fully in- 


when tip plug is engaged in any standard tip 
jack. Metal parts are brass, nickel-plated. Pin 
is .081 


Available in 11 bright colors to match Johnson 


Wm Wy 


7m TIP JACK AND 
INSULATING SLEEVE 


nplete assembly includes a stand 


diameter —fits all standard tip jacks. 


nylon tip jacks 


ylor sck with o threaded 
ng sleeve. ideal for 
\ this assembly is also ex 


nel mounting, where an 


a ) ' connection is desired 


Investigate today! 


. JOHNSON C -OMP ANY 


ie" aN: 


Ww e WASECA, MINN 


equipment, large manufacturing organ- 


illustrated 30- 
physical facilities and 
equipment for engineering 


ization describes in an 
page brochure its 
, development 
and production. Picture-caption stories 
point out typical products produced and 
capacity to 


provide components and 


ystems to specification Allen B. Du 


Mont Laboratories, Inc 
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MIDCET 
VALVE 


solenoid 


THREE-WAY 
Bulletin 8314 midge 


valve 


SOLENOID 
t packless 
described in a 2-page 
bulletin may be used for any three-way 
valving application without change of 
springs or other Standard 
10- and coils are 
upplied for 60 cycles. Power consump 
10 watts d-c; 10.5 watts a-c. Max 
temperature: 212 | 
having UI 
approval for hazardous locations can be 
Automati 
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adjustments 
10.5-watt-rated 


tion 
imum operating 
| xplosion prool models 


obtained Switch Co, 


GEARS 


™ ribe ~ 


bro hure de 


Illustrated 4 page 


company facilities and products 


available from a designer and supplier 


of precision gears for light and medium 
Little ¢ 
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heavy duty yiant Products, Inc 


COMPRESSION MOLDING FACILITIES 


four-page bulletin describes facilities 


lor compression molding, inspecting and 
The pictorial bulletin also de 


variety of 


finishing 


scribes sizes and 


shapes 
which ean be molded of thermosetting 


plastics. Company is equipped with over 


100) automati ind) = semi - automatic 
from 25 to 400 


Manufactur 


presse ranping inh size 
tons. Specialty Insulation 
np 0 Ine 
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FLEXIBLE METAL HOSE 


ind applic ation 


(Constructions 
hose 
booklet pro 


valvanized steel 


of flexible metal 
ire discussed in a 12-page 
viding specifications on 


bra tainle steel, bronze and other 


types of hose, as well as on brass cou 


plings, brazed and welded assemblies 
and flexible 
ommendations are 


provide d 
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Selection re¢ 


data 


connectors 
among other 


klexonics ¢ orp 


HEAVY-DUTY AIR CYLINDERS [Dx 
igned to JIC 
cylinders de 
log feature interchangeable mounts, and 
appli 
equipment 


standards, heavy-duty air 


scribed in a 12-page cata 
l1'., to 8 in. bores. Cylinders find 
ation in machine tool 


tutomatic controlled equipment and 


imilar machinery. The five interchange 


ible mountings available include: foot 


MARK 


te 
Remember 


For over three quarters of a 
century, the Seymour trade mark 
has been a symbol for the finest 
quality NICKEL SILVER — PHOS- 
PHOR BRONZE — BRASS — 
NICKEL ANODES — BRIGHT 
NICKEL PROCESSES — WELD- 
ING RODS and other non-ferrous 
products. 


It has also been a symbol for 
Seymour SERVICES — speedy, 
same-day acknowledgment of 
orders and inquiries — expert 
engineering and metallurgical 
help in selecting and specifying 
non-ferrous metals for special 
applications. 


Fine, dependable products and 
fast, friendly service... these 
are the qualities which have 
made the Seymour sunburst a 
trade mark to remember. 


In the months ahead you will 
see and hear a lot more about 
Seymour and the products it 
manutactures. The news will 
come from Seymour distribu- 
tors and Seymour represen- 
tatives. 


W atch for it. Listen for it. 
MARK IT WELL! 


THE SEYMOUR MFG. CO. 
500 FRANKLIN STREET 
SEYMOUR, CONN. 


NEW YORK SALES OFFICE 
CHANIN BUILDING — CABLE, SEYMOURCO 
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How would you solve these tricky 
temperature control problems? 


1. CONTROLLING HIGH FREQUENCY HEATING. In this vulcaniz 
ing patch press, precise temperature control of the platens wa 
required to prevent loss of electronic heat generated within the 
processed material. Fenwal’s solution was two THERMOSWITCH® 
units, set at 400F, mounted on the platens. Result: a production 
rate of 3,000 patches per hour, compared to ordinary hot pre 
methods of. 30 per hour 


3. PROTECTING PRODUCTS. In this shoe lining smoother, the 
problem was twofold: to use the fewest possible thermostat 
provide close temperature control in order to prevent burning 
of shoe leather. Fenwal’s solution: a single adjustable THERMO 
SWITCH unit, mounted on one ironer and controlling two ironer 
This halved the number of thermostats indicated, while provid 
ing precision temperature control 


2. SAFETY IN A DISTILLING PROCESS called for a dependable 
failure alarm. A Fenwal THERMOSWITCH unit in the condenser's 
afety vent solved the problem. Now, should the cold water 
upply fail, steam blowing through the condenser tubes will hit 
the THERMOSWITCH unit. This control, set at 120F, will then 
open, shutting off the electric heaters and sounding a continuous 
alarm. 


& 
at TT AL LTT 
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4. SEND FOR NEW CATALOG, just off the press. It describe 
Fenwal's complete line of THERMOSWITCH units and new indicat 
ing controllers for industrial applications. Fenwal engineers are 
always glad to help on any of your temperature control prob 
lem Write Fenwal Incorporated, 12 Pleasant St., Ashland, 
Massachusetts. 


THERMOSWITCH’ 


Controls Temperature 


Precisely 





THE NEW ARTOS auTomartTICc 


wire-stripping and 
TERMINAL-ATTACHING MACHINE 
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Artos TA-20-S 
with guard raised 
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This new Artos TA-20-S brings still greater speed and production 
economy to large-quantity users of wire leads with terminals at- 
tached. It automatically performs the following services all in one 
operation 


1. Measures and cuts wire to predetermined lengths. 

2. Strips one or both ends of wire. 

3. Attaches practically any prefabricated terminal in strip 
form, to one end of wire. 

4. Marks finished wire leads with code numbers and 
letters. (Optional attachment not standard part of ma- 
chine. ) 


ALL OPERATIONS ARE AUTOMATIC. Machine can be operated by 
unskilled labor. It is easily set up and adjusted for different lengths 
of wire and stripping. Die units for different type terminals simply 
and quickly changed. Production speeds up to 3,000 finished pieces 
per hour. 


ARTOS MACHINES ARE USED by electric appliance, 
automotive, aircraft, electronics and other industries 
that want automation in the production of wire leads 
in quantity. Agents throughout the world 

Engineering consultation and 


recommendations given with 
out obligation 


WRITE FOR No. 655 on the 
BULLETIN Artos TA-20-S 


2741 South 28th Street Milwaukee 46, Wisconsin 


clevis, trunnion, blind-end flange and 
rod-end flange. Other features are listed 
and complete specifications provided 
Petch Manufacturing Co 


Circle No. 167, Reader Inquiry Service Cards 
preceding back cover 


ALUMINUM BRONZES -Suitable for 
machine-tool parts, bearings, bushings 
and other products requiring wear and 
corrosion resistance, the aluminum 
bronzes described in an illustrated 30 
page pamphlet comprise a group of 
copper base alloys containing up to 15 
per cent aluminum. Physical properties 
are listed, applications indicated and 
machining recommendations for alumi 
num bronze castings discussed and illus 
trated in detail. W W Alloys, Ine 


Circle No. 168, Reader Inquiry Service Cards 
preceding back cover 


VARIABLE VOLUME VANE PUMP__-Pro 
viding variable volume at constant speed 
plus constant volume at variable speed 
the Multipump holds volume within 5 
per cent over desired pressure and de 
signed speed ranges. Design features of 
the variable volume vane pump are 
pointed out and the three available 
sizes discussed. Performance character 
istics and other engineering data are 
provided. The Denison Engineering Co. 


Circle No. 169, Reader Inquiry Service Cards 
preceding back cover 


TESTING FACILITIES Services of a 
technical testing laboratory offering 
complete environmental facilities -for 
testing electronic, electrical, electro 
mechanical and mechanical products 
and systems are detailed in a 9-page 
brochure. Tests can be performed ac 
cording to military, ASTM, and indus 
trial specifications. General Testing 
Laboratories, In 


Circle No. 170, Reader Inquiry Service Cards 
preceding back cover 


BIMETAL DISK THERMOSTATS — The: 
mostats designed specifically for use 
in clothes dryers and similar warm-air 
applications are described in a 2-page 
bulletin. Additional information on the 
'ype D thermostats covers operating 
principles, performance data, ratings 
dimensions, mounting applications and 
applications. Schematic diagrams and 
other illustrations are included. Stevens 
Manufacturing Co., Inc 


Circle No. 171, Reader Inquiry Service Cards 
preceding back cover 


PRECISION POTENTIOMETER —[ypical 
custom-made precision potentiometers 

described and illustrated in a 4 

brochure, together with their ap 
plications and the design problems in 
volved. Typical potentiometers include 
a dual coil selector unit designed for 
irborne computer use i model for 


hydraulic system applications and others 
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MI’ Series Connectors* for simplified installation 
Insulated Cable 


of Safety Mineral 


Fewest Components ... No Messy Compounds! 
No Maintenance ... No Wire Pulling! 


You can speed up the job and save money 

on Mineral Insulated cable installations by specifying 
these new APPLETON “M.I.” Series Connectors*. 
Threaded Hub Style has ov/y three brass components 
Knockout Style has on/y one! Simplified design 
makes for easier installation . . . eliminates 

sealing compound every time. Precision milled and 
threaded solid brass fittings positively exclude 
moisture and water, oil, chemical and acid fumes, 
and dirt from the electrical system and assures 
positive grounding. In addition, the extra quality 
built into each APPLETON “M.I.” Connector 
preserves the efficiency of Mineral Insulated Cable 
and assures you of absolute reliability of perform- 
ance. Write for Bulletin TMI-455 today. 


*PATENT PENDING 


Connectoy Body 
Safety M.|. Cable \ 


Sold Exclusively Through 
Selected W holesalers 


Pot” Safety M.\. Cable 


— 4G d= 


Gland Nut Neoprene Sleeve and Connector Body 


Consists of Gland Nut, 
Connector Body, ‘‘Pot’’, and 
Neoprene Button and Sleeve 
Assembly. For installation 
in threaded conduit hubs 


Consists of self-tapping 
Connector Body, Neoprene 
Button and Sleeve Assembly 
and conventional Lecknut, 
For installation in steel 
junction box knockouts, 


y Locknut 


Neoprene Sleeve and 
Button Assembly 


STYLE 2 


APPLETON ELECTRIC COMPANY 


eK Me COUT mee ll 


Explosion Proot 
Fistures 


Matieable ror Industrial & Flood 


Unilet Fittings Light 


Also Manufacturers of 


ae Ue 


Chicago 13, Illinois 


I 


Rely on ... The Standard for Better Wiring 


READER INQUIRY & 





Assuring HIGH Reliability 


“TEMP-GUARD” THERMOSTATS 


Dales midget type “Temp-Guard 


thermostat controls are tested to oper- 


ate under a great variety of conditions (including numerous military 


applications ) 


Constant research and development has resulted in the 


successful redesigning of thermostats to meet High Reliability ‘Temp- 


Guard” standards under most critical operating conditions. You are assured 


of satisfactory performance over a wide ranpe ot ambient temperatures. 


Dales’ specialized thermostat engineering to meet specific requirements is 


available to you at all times, and “’Vemp-Guard samples are sent on request 


DAM 


Series 


Oven Test: 


Each thermostat travels at a snail's pace 
through these newly designed 32-foot tubular 
ovens. Operating temperature range is elec 
trically controlled from zero to maximum 
requirements of specific product application 
At 16 feet of travel every ‘Temp-Guard 
thermostat is checked for closed circuit, When 
travel reaches 32 feet, a check is made for 
open circuit. Qualification under this test 
ossures user of dependable performance 


within specified femperature range 


Lock Rotor Test: 


With Temp-Guard” thermostats placed a 115 to Nee 
230 V motor and solonoid protectors, minimun 


overshoot is recorded. UL Lock Rotor Test require 


Thermal-Board Test: 


In this test the thermometer becomes an 
actual part of the thermostat by direct 
contact. Here accuracy and precision of 
make and break performance is con 


trolled tothe closest tolerance under loaa 


Block Test: 


A double-check on the results of the 
Oven Test. Insulated heat block 
checks and re-checks open and close 


circuit at specified temperatures 


DAL 


Service Test: 


Monotonous repetition of make and 
break performance records the life 
span of ‘Temp-Guard" controls. In a 
typical appliance application Temp 
Guard thermostats qualifica 
tion tests record 750,000 cycles at 425 


watts. (slightly less than 475 watts.) 


Get Dales 
Temp-Guard 
Engineering Data Brochure — 


Just off the presses! 


ments are surpassed. Motor test shown above at left 


The Franklin Dates Ca. 


ey rc ia 


THERMOSTATS 
180-184 East Mill Street, Akron, Ohio 


for aircratt 


He ke 0 


instrumentation 
Products Cor Pp 


Circle No. 172, Reader Inquiry Service Cards 
preceding back cover 


ELECTRICAL WIRE AND CABLE —-Jwo 


extensive selection charts are included 
in a 1l6-page general catalog, 1096 


providing specifications, applications 
ind other data on electrical wire and 
ible. Information is provided on con 
ductors, coverings, insulations, splicing 
materials and trade 


Okonite Co 


names The 


Circle No 173, Reader Inquiry Service Cards 
preceding back cover 


THERMOCOUPLE WIRE- Fntitled 
“Thermocouple Wires and Extension 
Leads,” Engineering Bulletin No. 170] 
lists conductor specifications and rec- 
ommended insulations for various op- 
erating temperatures of standard Ther- 
mocouple wires. Data are provided on 
themocouple wires constructed to mili- 
tary specifications 
of America 


Circle No. 174, Reader Inquiry Service Cards 
preceding back cover 


Revere Corporation 


TEST EQUIPMENT 


log provides data on a variety of pre 


I welve page cata 


cision test equipment including signal 
generators, oscilloscopes, tube testers 
and battery-operated and a-c operated 
vacuum tube voltmeters Also listed 
are sweep signal generators and other 


test equipment. Precision 


Apparatus 
“ Inc 


Circle No. 175, Reader Inquiry Service Cards 
preceding back cover 


ELECTRIC EQUIPMENT COMPONENTS 

Molded and laminated tube sockets, 
terminal strips, lugs, plugs and related 
products are described and illustrated 
Additional infor 
furnished on binding posts 


in a 60-page catalog 
mation ts 
brackets, contacts, washers and typical 
Terminals are avail 


ipplications. Mandex 
Manufacturing Co. Ine 


metal stampings 


ible for military 


Circle No. 176, Reader Inquiry Service Cards 
preceding back cover 


Postcard return card 
75 through 


the reade1 


New Components and Materials 
Literature for the Design Engineer 
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BEST 


OUT OF 3 WAYS! 


And when there’s another way to form 
synthetic rubber, you can be sure it 
will be available from Acadia! 


Right now Acadia is precisely meeting 
all manner of rubber specifications. Very 
often Acadia helps users to find a better, 
less costly way 

For in addition to the complete choice of 
shape, size or method, Acadia offers its wide 
experience in developing special rubber 
properties. Here you get exactly the char 
acteristics you want — strength, compression 
deflection, resistance to oil, age or what have 
you. Here, too, is the remarkable Acadia 
SILICONE rubber that stays resilient at 

2 100° below zero, or 500° above. It’s available 

7 molded or extruded for gaskets, seals, 

EXTRUDED “QO” rings, washers, sheets, cut-parts and 
packings. 

Would you like further information 
about Acadia synthetics for your product? 
A letter or postcard will bring an Acadia 
representative at your convemence 


 - 
ACADIA PRODUCTS 
Cyt 


7 OM COR Mt UM ee rll 
4021-4139 West Ogden Avenve, Chicege 23, ilineis 
Ot ee a ed 


MANUFACTURERS AND CUTTERS OF WOOL FELT 


CE CARD PRECEDING BACK COVEI 





MODERN 


ELECTRONIC 
ENGINEERING 


GIVES 
PRECISE 


SERVOSPEED 
MOTOR CONTROLS 


DIGITAL CONTROL 
ANALOG CONTROL 
SYNCHRONIZING 
SEQUENCE CONTROL 


VARIABLE SPEED 


Write or call for 
further data 


DIV. of ~ ELECTRO DEVICES, Inc. 


4 Godwin Ave., Paterson, N. J. 
ARmory 4-8989 


Editorial Reprints 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form 


Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 


The numerals shown in reprint list- 
ing correspond to the numbers shown 
on postcards incorporated in the Reader 
Inquiry Service Cards facing back cover 
page. Readers should circle those num- 


REPRINTS NOW AVAILABLE 


Adhesives as Design Tools, Fe bruary 

1956, 12 page Applications and 
idvantages of adhesives in the design 
ot electrically energized equipm«e nt are 


discussed, Basic properties of major 


classe of adhesive ure ummarized 


optimum combinations — of idhesives 
charted 


election factors are an ilyzed A pplic a 


md = specified surface ure 
tions described (206) 


Squirrel-Cage Induction Motors Under 
Duty-Cycle Conditions, February 1956, 
12 page Formulas are derived for 

calculating rotor acceleration and de 

celeration losse is well as stator losse 
then translated into temperature rise 


which determine ife operation. Case 
historic ilso” tal loud inertia into 


wcount (205) 


Magnetic Amplifiers in Industrial Con- 
trol Systems, Parts I and II, No- 
vember and December 1955, 16 
page Describes in fundamental 
terms the operation of basic mag- 
netic amplifier circuits, then pro 
ceeds to ¢ xpla n the many auxiliary 
windings that may be added to 
convert the basic unit into a high 

Circuits for 

actual regulators are given (210) 


precision regulator 


Artwork Procedures in Printed Wiring, 
1956, 8 pages. An analysis 
of the dependenc f the quality 
ind = precisenes f the finished 


p nted wiring board on the origina! 


Januar 


irtwork procedure for making the 
Design consider 


1 ' ' 
ations are discussed ind severa 


master drawing 


methods for single-board, short-run 


bers indicating the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company ail orders. Larger quantities, 
special quotation 


Cost of 

Single Subject Reprints 
No. of Number of pages 
Reprints 4-12 16-32 
] Gratis Gratis 
> $2.00 $3.75 
10 3.50 6.00 

25 7.50 


and high-production output are 
described and illustrated. (209) 


Precision Potentiometers—Characteris- 
tics and Limitations, January 1956 
12 pages. Review of various types 
of precision potentiometers; defini 
tions and terminology. (204) 


Digital Computer Principles, Decem 
ber 1955, 12 pages. This primer 
establishes elements of the binary 
number system, treats decimal to 
binary conversion, and _ provides 
computer definitions and symbols 
A “must” for designers of contro] 
systems employing computer tech- 
niques and components. (203) 


System for Evaluating Electronic 
Components, December 1955, §& 
pages. Describes systematic method 
of components selection based on 
numerical values for five attributes: 
reliability, availability, _compati 
bility, economy and _ reproducibil 
ity. Weighting factors are assigned 
for conditions of operation. (202) 

Research Progress in Dielectrics— 

1955, December 1955, 12 pages 

The latest article in the annual 

series of reports on the meeting of 

the Conference on Electrical Insula 
tion. The on-the-spot summary and 
interpretation highlights werk done 
on corona effects; breakdown studies 
in gases and liquids; silicone mate- 
rials and ferroelectrics. (201) 


Nuclear Batteries, November 1955, 8 
pages. Progress report from Wright 
Field on the development of power 
sources utilizing radioactive isotopes 
as energy elements. Solar batteries 
are also discussed. Commercial and 
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P-K° ASSEMBLY ENGINEERS 
ARE TRAINED TO HELP YOU DESIGN 
BETTER PRODUCT FASTENINGS 
AT LOWER COST 


There’s a Parker-Kalon Assembly Engineer nearby—ready to work for 
you. He’s a fastener specialist with the experience and skill to help with 
your particular problem. Perhaps, he can show you how to eliminate some 
fasteners from your design—or suggest the use of less expensive types of 
fasteners. That’s part of his job. Take advantage of this unique service 
while your product is still in the design stage. Call your local Parker-Kalon 
distributor and have him send a P-K assembly engineer to your office. 
This service is another reason why industry finds...if it’s P-K, it’s O. K.! 


Sold Everywhere Through Leading Industrial Distributors. Warehouses in 
Chicago, Illinois, Los Angeles, California 


READER INOUIRY PRVICE CARDS, PRECEDING BAC 





For the 


Aluminum 


Brass 


Copper 


NON-FERROUS 


WASHERS 


Another one-source service of Joliet. Now 
you can order non-ferrous washers—alumi- 
num, brass and copper from Joliet Wrought 
Washer Company. Also, of course, a com- 
plete line of special, standard, S.A.E., rivet- 
ing washers, machine screw washers, carbor- 
ized structural steel washers, malleable and 
lock washers. Special washers our specialty 
Since 1914! 


JOLIET 


JOLIET WROUGHT WASHER CO. + JOLIET, ILL. 


semicommercial types offered by in 
dustry are illustrated end described. 


(233) 


Simplified Design of High-Tempera- 


ture Transformers, November 1955, 
12 pages. Detailed procedure for 
estimating temperatures and tem 
perature gradients in power trans- 
formers for electronic equipment. 
Charts, diagrams and a nomograph 
are used. For power outputs to 5 
kva, voltages to 50 kilovolts, fre- 
quencies from 25 to 2500 cps; at- 
mospheric pressure as low as 1.32 
in. of mercury (70,000 ft altitude) 
and ‘emperatures up to 200 C. (232) 


Analog Computers for Machine Con- 


trol—Parts I and II, August and 
October 1955, 20 pages. Points out 
the possibilities created by exten- 
sive military research and develop 
ment programs that have made a 
rich store of computer technology 
and proven components available 
to the equipment designer. Ar 
ticles explain workings of basic 
components and describes how 
servo: perform individual mathe 
matical operations. (231) 


New Developments in Shaded-Pole 


Motors, October 1955, 8 pages 
Based on interviews with 21 motor 
manufacturers, this report covers 
improvements in the characteristics 
of one of the most widely used 
electrical components. Although 
low cost is still the greatest benefit 
offered by the shaded-pole motor, 
the equipment designer can look 
forward also to higher efficiencies 
better power factors, longer bear- 
ing life and standardized dimen 


sions (230) 


Evaporative Spray-Tower Technique 


for Electronic Equipment Cooling, 
October 1955, 12 pages. A new 
system of cooling developed by the 
Navy is described. Simultaneous 
heat and mass transfer is utilized 


is the means for removing heat 
(229) 


Correcting Meter Readings on Servo 


and Gyro Motor Tests, September 
1955, 8 pages. Corrections are in 
order when the power consumed by 
the meters is substantial compared 
to the motor loads, as in the case 
of smal] instrument motors. Forms 
developed at M.I.T. routinize the 
otherwise tedious calculations. (228) 


Current-Rectifying Devices, Septem 


ber 1955, 20 pages. As a selection 
guide, this comprehensive staff re 
port has been prepared to provide 
the user with comparative operating 
data on all types of power rectifiers 

vacuum, gas and mercury tubes 
selenium and copper-oxide metallic 
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4 Two Metals 


Te Me Lal 
TN Gye mo 


General Plate Composite Metals, made by joining 
two dissimilar metals together with an inseparable 
bond, offer many advantages not always possible in a 
single metal. 

Consider CONFLEX — a General Plate Composite 
Metal of hardenable steel faced on one or both sides 
with sheet copper. CONFLEX is a superior spring 
material, yet it offers better electrical conductivity and 
greater strength — at lower cost — than comparable 
copper alloys. 

It can be easily formed before hardening then 
heat treated to the desired spring characteristic with 
greater uniformity. In eee springs, such as 
pen and pencil clips, the copper in is excellent 
for electroplated finishes. 

CONFLEX is available in long length coils slit to 
desired widths for automatic machine feeding. All in 
all it offers many advantages in the manufacture of 
electrical and mechanical spring parts. 


READER INQUIRY SERVICE CARDS, PRECEDING | 


...and General Plate 


CONFLEX 


is a case in point 


Why not get acquainted with CONFLEX by sending 
for a free sample today? 

If you are added for stronger or lighter metal 
components, with better electrical and mechanical 
properties and fewer corrosion problems, or if you 
are interested in conserving critical metals or reduc 
ing parts costs, you should be investigating General 
Plate Composite Metals. Catalog PR-700 covering 
»recious to base and base to base cladments, 
TRUFLEX® Thermostat Metals, composite electrical 
contacts, buttons and rivets, etc. sent free. Write for it! 


*Trade Mark of Metals & Controls Corporation 


You can profit by using 
General Plate Composite Metals! 


METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 


42 FOREST STREET, ATTLEBORO, MASSACHUSETTS 





rectifiers, and the newer germanium 
silicon types (227) 


Principles of Electronic Circuit Pack- 
aging, August 1955, 12 pages. Based 
on Signal Corps development con 
tract, the authors describe the de 
sign and application of four basic 
systems for circuit packaging and 
integration of printed wiring assem 
blies, particularly applicable to auto 
matic production. Thermal dissipa 
tion is major design consideration 


(225) 


European Developments in the Dielec- 
tric Field, August 1955, 8 pages 
Report summarizes progress in ace 
tate paper, epoxy casting resins 
epoxy impregnated mica pape! 
polyurethane magnet wire enamel 
and foam-type polystyrene, also de 
scribes special equipment for ex 
truding helical multicolored poly 
vinyl chloride’ wire insulation 


(224) 


Wiring Harness Practices, July 1955 
4 pages. Describes recommended 
practices for the layout, tieing and 
installation of wiring harnesses and 
shows how careful design can fa 
cilitate testing and inspection and 
lnprove service reliability of equip 
ment, (226) 


Many a G Ooo DD pro duct Flexible Couplings for Motor Drives, 


July 1955, 8 pages. Operating prin 


ciples and selection factors of some 
ey UIA be Mma de gz _ ¥ r E a principal types are presented in this 
review. Many design variations are 


...with(B) Special Fasteners to be found in these basic types 


all intended to compensate for lim 


ited misalignment resulting from 


poor mounting of motor and driven 
ire now using. Designing Circle B specials into products often results member, wear, thermal distortion 
luction economies, less assembly time, fewer parts to assemble and load deflection. (223) 
and a better product to market 


IT CAN PAY YOu to take a new look at the fasteners you 


Design of D-C Tractive Electromag- 
HERE'S EXPERIENCED AND PRACTICAL HELP 


nets, July 1955, 12 pages. Simplified 

THAT'S EASY TO USE... buffalo Bolt Company maintains a | { 
I method for designing electromag 
CO erare with mal acturers On 5S] i ist roblen 
opera ith inufacturers on pecial fastener problen nets using curves plotted from data 
Often your rough sketch, with a few specifications, can be engineered on variet of practical magnets 
into a special fastener which will do the job. And, of course, we Intended for the occasional de 
vical problem is solved 
(222) 


any of our ofices. BUFFALO BOLT COMPANY a 
f Buff f f Effects of Water Immersion and Hu- 

NORTH TONAWANDA, N. VY. midity on Thermosetting Laminates, 

July 1955, 12 pages. Results of 

evaluation program, including 

ee Ve / SC Ice centers graphs and tabular data by Mate 
rial Laboratory, New York Naval 
Shipyard, on Navy grades of phen- 


are always | leased to quote on fasteners of your own design signer, Tyj 


WESTERN OFFICE EASTERN OFFICE CENTRAL OFFICE 


} York City North Tonawanda 


olic, glass-laminate and = glass-sili 
MArris r-217 fEctor 2-1888 


kson 2400 (Buffalo) cone laminates under various test 


condition (220) 


Man, GOOD p/oducis 
can be made BETTER 
.. WIL) 


Application Factors for Two-Phase 


Servo Motors, June 1955, 12 pages. 
SPECIAL 7 


Discussion of the operating charac- 


FA STE he Ee RS teristics and the principles of opera- 


tion of two-phase induction motors 


FEBRUARY 1956 ELECTRICAL MANUFACTURING 





Oy 


id ACT 


COMPRESSION SPRINGS es oe oe ee Ba aa anpaeren sramnes —— ones 
Regular, Double cial Special Hooks Swivel End 


Veriabie® pitch and Loops Drawbar 


Y . ww é 
C Ko 
oF C 


TORSION SPRINGS POWER SPRINGS FLAT SPRINGS CLIPS, CLAMPS FASTENERS and 
Single, double Clock or Motor Arched, Curved-beam and COLLARS RETAINERS 
Edge wound Elliptical 


eC AP 
; i 
a. 1 © aoa 


for Instruments . . ’ in Series, Parallel Discs, Plates - PLUS 
Gauges, etc. Expander, etc. Parallel-series COLD-ROLLE 
SPRING Steen 


ASSOCIATED \ 
SPRING 


ASSOCIATED SPRING CORPORATION 





eee A Lae 
Pe mW A Elaine 


HERE ARE THE FACTS 


li-Formed ‘Tubes feature a spec ial patented Precision Paper Tube 
construction which produces a completely ridgeless surface, thus 
eliminating wire pile up and resultant coil shorts 

Side walls are straightened under pressure during the winding 
operation. The bow being thus controlled permits a perfect fit 
between mandril and tube as provided by Precision’s low-cost 
Related Mandril Service 

Under the Related Mandril Service, Precision supplies the coil 
manufacturer with accurately ground steel or aluminum mandrils 
at a price comparable to commonly used unsatisfactory wood or 
undersized steel mandrils. This ts not a profit-making service. Its 


sole purpose is to give the coil manufacturer these advantages 


Provide proper tube support 
Facilitate stacking operations 
Prevent cou collapse 

Save machine and operator fatigue 


Permit a smaller core, thus decreasing coul size 


! 
and eliminating pressing 


Get full details on Precision Di-Formed Tubes and Related 
Mandril Service. Write, wire or phone today 


Sales Representatives in: 


1, b 
Northern O1 vela ntic 1.1060 
TRinity 3.7091 
De 
Eastern Pens vania; Virgir 


New Jersey; Metropolitan New York 
ty, New Jersey, Swarthmore 5.2480 


Upper New Yor Syracuse, New York 
CANADA. Mor il, Quebec, Canada, Wa st 0337 


MEKICO: Menice » F., Telephone 35.06.18 


PRECISION PAPER TUBE COMPANY 


PURE Time a i ie eels 
Plant No. 2: 79 Chapel Street, Hartford, Conn 


used as contro] elements in feed 
back systems. A minimum of math 
ematical analysis is employed. (218) 


Embedded Circuits and Components, 
April 1955, 16 pages. Growing field 
ot application of epoxy resins for 
embedment and encapsulation is 
reviewed in a_ staff report. Case 
histor illustrations and results of 
resin iluation program (211) 


Multiple Reprints 


Multiple Reprints (reprints or com 
pe ndiums into which are combined 
everal separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be acc ompanied 
by remittances. Large quantities, 
special quotations. These multiple, 
reprints are listed by titles, immedi 
ately following the single article 
reprint listings. Address: John A. 
Campbell, Director Reader Service, 
ELECTRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


Electrical Insulation and Dielectrics— 
1955, 136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
MANFACTURING. Ths volume pro- 
vides the engineer not only with 
significant but with current design 
helpful literature. Articles cover 
epoxy casting resins radiation ef 
fects on dielectrics, fluorocarbons, 


results of special evaluation pro- 


gram imong other subje cts. $3.00 


Designing Servomechanism Systems, 
96 pages. Multiple Reprint No. 3. 
Chirteen feature articles or related 
phases ot design of feedback con- 
trol or servo systems and servo ap 
plications, including the series of 
four articles by Herst. For a com- 
plets list of the contents of this 
booklet see April 1954 page 358. 

$2.50 


Printed Circuits, 71 pages. Multiple 
feprint No. 8 Selection of 14 
articles dealing with mechanized 
wiring techniques beginning with 
silk screen printing of radio cir 
cuit elements on ceramic plates 
Other processes described include 
stamped wiring, and sprayed metal- 
plated and etched circuits and as 
sociated assembly methods. For an 
notated list of articles see page 332 


of the June 1954 issue $2.00 
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The seals shown here are a combination of felt for shaft lubrication, 
plus spring-loaded leather or rubber for exclusion of water, fumes, dust 
Such seals are made by a number of companies, in standard and special 
diameters. List of firms on request. Felt seals can also be made imper- 
vious by metal enclosures, or by the use of felt with one or more lami- 
nations of synthetic rubber. Just remember that felt is so versatile that 
it can either lubricate or seal, or both at the same time. On request we 
will collaborate on designs and specifications. Write for Data Sheet No. 
11, “Felt Seals, Their Design and Application,’”’ and for No. 14, 
“Vistex, Packings, Gaskets, Seals.’’ 


American felt 
Compan) 


GENERAL OFFICES: 16 GLENVILLE ROAD, GLENVILLE, CONN 
SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, Rochester, Philadelphia, St. Louis 
Atianta, Greenville, S. C.. Dalias, San Francisco, Los Angeles, San Diego, Portland, Seattie 
Montreal PLANTS: Glenville. Conn.; Franklin, Mass.; Newburgh, N. Y Detroit, Mich Westerly 
R |—ENGINEERING AND RESEARCH LABORATORIES: Glenville, Conr 


PRECEDING BACK CO 


Write for 
Data Sheets 
Neos. 11 and 14 





more lives 
than a cat! 


>) Quality Construction 
—menufactured with 
extreme care 


Designed — with 
fresh, new ideas 
— manufactured 
with the newest, 
money-saving 
production techniques 


RELAYS 


are standouts for 
performance 
re TTI om toe 


One of today's most versatile relay lines, 
AEMCO relays are “first choice” for more 
than 100 of the top names in American in 
dustry. Design and construction is tops —for 
only the finest materials are used in AEMCO 
relays. Specify AEMCO and you're making 
your best relay buy. You'll profit by the 
newest production techniques that speed up 
delivery and save you money. You'll appre- 
ciate the prompt delivery on prototypes, 
the fast tool up for production, You'll find, 
too, that an AEMCO relay has more lives 
than a cat and is built to take it! Actually 
tested on the job, AEMCO relays are de- 
pendable and reliable . standouts for 
performanc e. 


AEMCO relays are available in a wide variety of 
spring and coil combinations, operating poten- 
tials and contact ratings. Types include: Open, 
can, plug-in base, hermetically sealed, midgets, 
dual-purpose, delayed make or break, circuit con- 
trol, current and potential relays. Should one of 
the hundreds of AEMCO relay types fail to meet 
your exact requirements, we will be happy to 
design and build a unit to meet or exceed your 
specifications 


VRITE JO0AY 


For more information on the stand 
ord AEMCO relay line, write for 
your free descriptive bulletin today! 


AUTOMATIC ELECTRIC MFG. CO. | 


33 STATE ST * MANKATO, MINNESOTA 


Associations 


Welding Progress Awards 


The Jame kK. Lineoln Are Welding 
Foundation is offering $20,000 in cash 
awards for ideas or suggestions that 
will accelerate progress in are welding 
Phe $20,000 will be distributed in 20 
iwards; top award is $5,000 

Ideas will be accepted on any aspect 
of are welding that can be used to ad 


Vanee welding design, welding engi- 


neering or the general applications of 
the are welding process No restrictions 
ire placed on either the nature or the 
extent of ideas that may be submitted 
for the awards, except that they must be 
ubmitted by residents of the United 
State or its possessions 


Ideas must be 
1956 


submitted by July 30 
Complete information and rules 


James |} 


Foundation 


obtained from The 
Lincoln Arc Welding 
Cleveland 17, Ohio 


ma be 


Conference to Review Latest Advances in 
Airborne Electronics 


Latest advance in aero 


technical 
nautical electronics will be under re 
Kighth Annual National 
Conference on Aeronautical Electronics 
to be held May 14-16 at the Biltmore 
Hotel, Dayton, Ohio, under the sponsor 
hip ot the Dayton ( hapter of the Ik} 
ind the Prote 


view it the 


ional (Froup on Aero 
| and Navig Electronic 
of the IRI 


\ cComprenensive program 


nautica itional 


lanted to 
ird the interests of industry 


thi Armed 


is well as 
bores will be presented 
Paper will CMpilasize per reli il solu 


tions to actual engineering problems 


solicited by C. I 
of the Papers 


Such paper ive being 


Dovle. Chairman Commit 


Richard J 
Control OF 
Wright 


tee, Conference President i 
bFramme, Chie f Product 
fice, Directorate of Laboratories 
\ir Development Center 
Ofheial mailing addre of the Cor 
ference 4 PrP. OC. Bo 621 bay 


Branch Da ton Y Ohto 


Industrial 


ASTE Exposition Plans for 


Record-Breaking Attendance 
More that 


ticipated iD thie 


10.000 registrants are an- 
American Society of 
Pool Engineer it its 1956 Industrial 
scheduled for Chicago's In 
March 19-23 
In conjunction with the 
ASTE will hold its 24th 


vention, at which some 


| \ position 
ternational Amphitheatre 

Show, the 
Annual Con 
26 timely tech 


nical conferences 


will be held 


ind panel discussions 


Of particular interest are such papers 
as: “Automation for the Big Production 
Shop,” by Ralph E. Cross, The Cross 
Co.; “Automated Electronics,” by J. B 
Cunningham, Convair Div., General Dy 
“The Tool 


neer’s Function in Numerical Control,” 


namics Corp.; and Engi 


by Jesse Daugherty, Giddings & Lewis 
Machine Tool Co 

Additional papers 
Gaging Automation,” by T. S. Gates 
National Broach & Machine Co.; “The 
Use of Punched Cards for Machine 
Control by J. J. Jacob, Pratt & Whit 
ney Co., In and “The Drawing of 
litanium,” by J. S. Kilkpatrick, Brooks 
& Perkins, In 

L.. D. Martin, Eastman Kodak Co 
will discuss “An Objective Look at the 


Field of Instrument Gearing 


include “Cear 


Topic of 
Jack Welch, Machine Tool 
Div., Shefheld Corp. is “Machining with 
Silent Sound while J. J. Stone, Bat 
telle Memorial Institute. will read a 
paper on “Introducing Computers for 
Machine Tool Control. 


a paper! by 


Applications of ‘‘Reliable’’ Tubes to be 
Covered at RETMA Symposium 


Plans are being formulated by the engi 
Radio-Ele« 
Manufacturers Asso 
ciation for a “Symposium on Reliable 
Applic ations of Electron Tubes to be 
held May 22-23 in Philadelphia at the 
Irvine 


neering department of the 


tronics Pele Vision 


Auditorium at the University of 


Pennsylvania 


The May session 


rily for de sign engineers ind the selec 


intended prima 


tion of papers will emphasize applica 
tions and uses of tube reliability rather 
than stress need for reliability 

Both military and commercial appli 


cations will be covered with 


specihy 
case histories presented 

An evening panel session has ilso 
scheduled covering the 


Wrong with Dube 


Participants will include repre 


lye en 
What 


tions? 


subject 


Specihea 


sentatives from tube manufacturers and 
users as well as from the military 
Further information may be obtained 


from the RETMA Engineering Dept., 
1] W. 42nd St.. New York 36. N. ¥ 


H. Thomas Hallowell, Jr. Heads ASA 
The American Standards As 


has elected as president lor a one-year 
term H. Thomas Hallowell. Jr 
dent Standard 


Jenkintown Pa 


sociation 


Pressed Steel 


An inventor as well as 


head, Mr 


corpor ation 


Hallowell holds patents on a 
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You can simplify purchasing . . . improve design .. . speed production 


vith IMproved C-D-F DILECTO taninates 


Only C-D-F, the Continental-Diamond Fibre Company, 
makes Dilecto laminated plastic, just as only Cadillac makes 
a Cadillac. Dilecto is 50 different materials with more com- 


binations and variations in desired properties than we can 
tell you here. 


But Dilecto has three important qualities that you should 
think about if you buy, design, or machine laminated plastics 


DILECTO HAS HIGH MECHANICAL STRENGTH 
Mechanical strength is frequently an important determining 
factor in the selection of an insulating material. Insulating 
parts used in large electrical power equipment are frequently 
bulky. The high mechanical strength of Dilecto helps reduce 
size-dimensions of insulating parts without danger of failure. 
Instruments, meters and small motors frequently require very 
small insulating parts which must withstand comparatively 
large mechanical stresses. Insulation for use in high frequen 
cy circuits should have a minimum bulk factor for minimum 
dielectric losses. Dilecto fulfills these requirements with a 
combination of high mechanical strength and low loss factor, 
characteristic of the better C-D-F electrical grades. 


So C-D-I your Dilecto insulation grade the 
correct, highest quality base material, paper, cotton, nylon, 
glass. These are used in combination with improved pene- 
trating resins: Improved Phenolic, New Melamine, New Sili- 
cone, New Teflon, all synthetic, well polymerized resins 


selects for 


Both the base and the resin are good insulators by them 
selves. But C-D-F sells them to you in an improved, practical 
form... Dilecto. Uniform sheets, tight tubes, strong rods, 
close tolerance machined and formed specialties, high bond 


Strength metal clads. 


Why mechanical strength 
with dielectric strength and dimensional stability? Because 
Dilecto is almost homogeneous, a true blend of resin and base, 


does Dilecto combine so well 


DILECTO IS ALMOST HOMOGENEOUS 
A poor laminate absorbs moisture at its edges, loses its 
insulating properties fast. Entrapped moisture and other 
volatiles within the cured structure causes inconsistent di- 
electric strength, with ultimate puncture and breakdown. 


Punch press and bench saw operators know how much time 


and material is saved when the laminated plastic 1s uniform 
and homogeneous in nature like Dilecto. 


READER INQUIRY SERVICE CAKDS, PRECEDING BA 


DILECTO IS IMPROVED 
Yes, C-D-F Dilecto is an improved laminated plastic, due to 
high standards and advances in resin and manufacturing 
techniques. It is watched by skilled workers in our modern 
plants, checked against rigid standards C-D-F  stand- 
ards .. . by our quality control people. It is easy to machine, 


and the C-D-F shops are doing a booming business in 
specialties. 


Table |—Typical Improved Phenolic Laminates 


Commercial 
designation® 


MEC-5 


ment 
due to 


Filler 


m , 
Resin | Filler | Improved 


Improve- 
properties | 


~ Phenolic Nylon 


fabric 


Insulation re 
sistance ; mois 
ture resistance 
High dielectric 
strength paral 
lel to lamina 
tions 

Cotton Better ma 

mat | chining 

Paper Insulation reé Resin and 
sistance; mois manufac 


ture resistance turing 
| 
Cotton 
fabri 


XXHV-2> Phenolic Paper Resin and 
manufac 
turing 
technique 


Filler 


X ylenols | Alkali resist- 


ance 
Postforming 





technique 
Resin 

Cotton 

fabric 


Modified 
phenolic | 


All grades are Contines 
Resin 
niques use these properties to provide 
thorough 


tal-Diamond bibre Company 


have improved penetrating properties and the manulacturing tech 


gnation of the filler 
entrapped momture and air 


better impre Simee 
impregnation eliminate greater moi 
ture resistance and better dielectric propertic are attained Manulacturing 
techniques also provide suitable temperature control during the 


assure uniform quality and 


Aylenol is ¢ 


curing tage to 


optimum property 


dimethyl phenol 


values in the finished laminate 


irom 
NEW 
[he time you 
think of laminated 
plastics, the 


Electrical Manufacturing 
”. Part Il 


Article “Wider Design Opportunities with the 
Phenolic 


en 
next 


name 
to remember is 
C-D-F Dilecto. The 
improved, high 
strength, uniform 
material that makes 
insulation 


and 


buying 
using more a 
science, less a puz- 
zie. New grades, 
new applications, 
new Savings are just 
part of the Dilecto 
success story. Look up the facts in Sweet’s Design File, or 
write for catalog. Send us your blueprint for quotation .. . tell 
us your design dream...C-D-F wants to work with you. 


@ CONTINENTAL DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC 


NEWARK 13, DELAWARE 





Spencer 
Thermostats 
must have 
uniform 
parts 


Making the right angle bend on this 
brass contact terminal was troublesome 
until Spencer Division of Metals & 
Controls Corporation turned the job 
over to Mohawk. We not only stamped 
and formed the part, but tapped it in 
the same operation. Mohawk produced 
perfect, uniform parts at only about 
half the cost, a yearly savings of thou- 
sands in initial cost alone. And with 
Mohawk's better parts, there's a saving 
in smoother production and the elimi- 
nation of rejects. 

Mohawk can cut your production 
costs on threaded stampings, too. 
Intricate or simple parts are turned out 
economically and on schedule. Holes 
are squarely tapped and threads can 
be held to Class 3 fit. If you have a 
headache to buck on threaded stamp- 
ings, pass it to Mohawk for savings in 
time and money. 


Write or phone now. 


mohawk 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 


Calendar of Meetings 


Feb. 7-9 Eleventh 
forced Plastics Division Conference 
The Society of the Plastics Industry 
Ine Hotel Cleveland, Cleveland 


Annual Kein 


Feb. 4-10 Western ( omputer Clon 
ference co ponsored by the ALEI 
the IRE, and ACM, Fairmont Hotel 


an brancisco 


Keb. 16-17 ‘Transistor Circuit Con 
co ponsored by the AlkI 


IRE, and the University of Pennsyl 


ference 


inia 


Feb, 27-March 2 


and 1956 Committee 


Spring Meeting 
Week; The 
Testing Ma 

Buffalo, N.Y 


American Society tor 


terials, Hotel Statler 


March 12-16 Winter 
National Association of 


Engineers, Hotel Statler, 


Meeting; 
Corrosion 


New York 


March 12-16 —Winter Meeting; Na 
tional Electrical Manufacturers A- 
Beach Hotel 


sociation, kalgewater 


Chicago 


March 18-21 Meeting 
American Society of Mechanical 


Multnomah Hotel, Port 


Spring 


Engineers 
land, Ore 


March 19-22 National 
tion; Institute of Radio Engineers, 
Kingsbridge Armory, Bronx, N. Y 


Conven 


March 19-23--1956 Industrial Ex 


American Society of lool 


Ampithe 


position; 
Engineers; International 
atre, Chicago 

April 5-6 Fechnical Con 
ference on Magnetic 


Spec ial 
Amplifier; co 
sponsored by AIEEE committee on 


Magnetic Amplifiers, the IRE Pro 


machine he designed for the automatic 
assembly of primer heads for artillery 
shells and for other pieces of equipment 
used in manufacture of locknuts and 
socket « ap screws. 

He has been actively campaigning for 
the past 10 years for wider acceptance 
of standard parts in industrial produc- 
tion 

Mr. Hallowell received the 1953 in 
dustrial relations achievement award of 
the National Metal Trades 


for his company’s outstanding employee 


Association 


relations program 


fessional group on Industrial ble« 
tronics and the ISA Central New 
York section, Hotel Syracuse, Syra 


‘use, N y 


April 10-12 Pwelfth Annual Meet 
ing and 1956 Metal Powder Show 
Metal Hotel 
Cleveland, Cleveland, Ohio 


Powder Association 


April 13-14 —-Tenth Annual Spring 
Pelevision Conference; 
the Cincinnati Section of the IRI 


Cincinnati 


sponsore d by 
Engineering Society of 
Building, Cincinnati, Ohio 


Fourth National Con 
Relays; 
the School of Electrical Engineering 
Oklahoma Institute of Technology 
of the Oklahoma Agricultural and 
Mechanical College, Stillwater, Okla 


April 17-19 


ference on Electromagnetic 


First annual National 
Re sea4re h 
Armour 


April 18-19 
Industrial Conference ; 
Research 


Illinois Institute of 
Pechnology, Hotel Sherman, Chicago 


~ponsored by 
Foundation of 


April 19-20 


vironmental 


Annual Meeting, En 
Equipment — Institute 


Sheraton Hotel, Chicago 


May 14-16— Fighth 


tional Conference on 


Annual Na 
Aeronautical 
Electronics; sponsored by the Day 
ton Chapter of the Institute of Radio 
Engineers and the Professional 
Group of Aeronautical and Naviga 


tional Electronics of the IRE, Bilt 
more Hotel, Dayton, Ohio 


May 22-23-——Symposium on Reliable 
Application of Electron Tubes; 
Radio-Electronics-Television Manu 
Association, Irvine Audi 
torium, University of Pennsylvania, 


Philadelphia, Pa 


AWS to Stage Welding Show in Buffalo 


The fourth Welding Show, expected to 
break all previous attendance records 
will be staged in Memorial Auditorium 
Buffalo, N. Y., May 9-11. It is being 
sponsored by the American Welding So 
ciety, which will conduct its annual 
business meeting and a series of tech 
nical conferences coincident with the 
show. 

The Metals Engineering Division of 
Mechanical 


first time, join 


the American Society of 
Engineers will, for the 


AWS in sponsorship ot tour sessions im 
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GENERAL 
mOoTORS 


satisfied customers 
have readymade audiences! 


Packard Electric Division 
General Motors, Warren, Ohio 


Here’s a man who is really happy about his new oil furnace 

an enthusiastic booster who can hardly wait to tell about it 
Chances are that a Packard Electric motor has a lot to do with 
his satisfaction . . . for Packard motors deliver quiet, depend 
able, long-lasting performance that’s bound to please 

For more than 39 years, Packard Electric craftsmen have been 
building fractional horsepower motors that lead to one customer 
telling another. Packard builds a lot of satisfaction into every 
motor... and there’s nothing better than a satisfied customer 


to boost both reputation and sale 





A Real Opportunity to 


Become a Staff Editor 


Ilectrical 
Vilanufacturing 


To handle a constantly increasing manuscript load, 
IXLECTRICAL MANUFACTURING seeks a graduate electrical 
engineer, with proved writing ability, who has practical 
experience in the design of power and control systems. 
He may have obtained such experience with a manufac- 
turer of system components and worked with customers 
on their application. He may have designed servo systems 
for planes, missiles, ships. He may have designed complex 
machine control systems, be familiar with JIC and 
NMTBA Electrical Standards. He might have helped to 
develop an electronic drive. But he wouldn’t be an elec- 
tronic man in the communications field, because the 
“nower” we envision involves integral horsepower motors 
or a battery of them 


He is the kind of reader who would want to study 
the articles in this issue of ELECTRICAL MANUFACTURING 
on “Induction Motors Under Duty-Cycle Conditions,” 
“Servomechanism Fundamentals,” and the important 
series on “Grid Control of Thyratrons.” We need an extra 
hand to work with authors of such articles, a fellow who 
can describe in his own words complex control systems 
like “Computer-Prepared Numerical Data for Machine 
Control” January issue), after field contacts and 
research 


The individual sought would have an analytical 
mind, be able to organize descriptive material in logical 
equence, and write clear, concise English free of wordy 
circumlocutions. He would be prepared mentally to make 
the switch from engineering as such to the broader fie!d 
of write tudent, and engineering critic. His interest 
thereafter would ride with the field and perhaps be a step 
or two ahead of it 


To the properly qualified man, whose engineering 
background and personal habits will bear the closest 
scrutiny, this staff job will pay well. The contacts made 
and the knowledge acquired may open up a whole new 
vista for one eager to grasp the opportunity. 


Write fully about yourself, giving age, education, 
family status, engineering experience, and any evidence 
of writing ability. Send your resume, marked “personal,” 
to Frank J. Oliver, Editor, ELECTRICAL MANUFACTURING, 
1250 Sixth Avenue, New York 20, N. Y 
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ome or 


which both groups have a mutual in fa 
terest, e = 
Che Welding Committee of the Wor Designs 
\tomic Energy Commission also will up 
co Sponsor a session 


[wenty-one technical sessions, with Slip Ring Brush Assemblies 


ipproximately 50 speakers are planned. 


ee for Electronic U 
Be ssi pinay cere eR ea or CIeCtronic se 
to the American Welding Society, 33 W ; PES HRE Legacies Tee ay 


9th St.. New York 18. N. ¥ 


Low noise aT Stable contact 
ASTM Committee Week to be Held in level ati LJ a | hr. resistance 
Buffalo aft 4 ia, 
The American Society for Testing Ma Seo A || SU) 4S 
terials will hold its 1956 Committee INA 4 $ VA 
Week and Spring Meeting at the Hotel | ) A a <* WU 
Statler, Buffalo, N. Y., Feb. 27 to March Vy NOW) 
2. More than 250 ASTM technical com " SILVER. GRAPHITE ( 
mittees and their subcommittees are ex ’ if BRUSH 
pected to meet during the week to dis- 


| i / 

/ | // BRASS BAND o 
cuss and review the work they have j 
done during the year in preparation for Hs A LAMINATED 
the completion of their year’s work to PLASTIC 


be reported at the Annual Meeting in +t HOLDER 


June 


SILVER SLIP RING \\ 


At an all-day technical session, 
Wednesday, sponsored by Committee B-8 
on Electrodeposited Metallic Coatings 
there will be presented a Symposium on 
the Properties, Tests and Performance 
of Electrodeposited Metallic Coatings. 
Fight papers written by outstanding 
authorities in their respective fields will 
be presented 

The subject of the Symposium is con 
sidered so important that it will be re 
peated during the Second Pacific Area 


a ene a ee ere ee low friction = : es brush life 


eines N QU Wt Long 
Home Laundry Appliance Manufacturers’ 
Select Hank for President 


jernard J. Hank, president, Conlon Superior Brushes Belong 
Moore Corp., Chicago home laundry on Products Like These) 


appliance manufacturer, has been 
elected president of the American Home 
Laundry Manufacturers’ Association at ; : a 
the group’s 40th Annual Meeting, held thoroughly the Superior staff 
Jan. 7 in Chicago 


The drawing above suggests how 


works out every detail of a job. 
Other ofhcers elected, all for one-year p 


terms, included Elisha Gray II, presi Superior will design and build any 
dent, Whirlpool-Seeger Corp. Re-elected or all parts of a brush assembly, 
first vice president; Ray G. Halvorsen 
executive vice president, Hamilton Man 
ufacturing Corp., second vice president, 
and Hal Bb. Miller. general manager of 


the home laundry department. General 


OR we will build to your design. 


Write for our Catalog 6-DS. 


Letterhead request, please. 
Electric Co., re-elected third vice presi 


dent 
SUPERIOR CARBON PRODUCTS, INC. 
9115 GEORGE AVENUE, CLEVELAND 5, OHIO 
Postcard 
vided 


convenience to the re der im ¢ 


pr 
i 


taining further information on 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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EAGLE 


Timere and Counters 
VITAL COMPONENTS IN MODERN AUTOMATION 


a Sedll 
ee a 


ee a ML) | 


MULTIPLEX RESET TIMER 


MULTIPULSE REPEAT 
CYCLE TIMER 


CYCL-FLEX RESET TIMER 


FLEXOPULSE REPEAT 
CYCLE TIMER 


eet ee tS) mete) ae it 


Represented above are but a few of the complete line of popular EAGLE 


Industrial Timers and Counters. 


Models are available in a wide range of modifications to fit your particular 
application, Modern compact design and precise construction of these EAGLE 
components has won them an enviable coast-to-coast reputation for accuracy 
and long service-free life of operation. Write us about your needs. 


MAIL COUPON TODAY! 


Ce ee ee ee 8 ee DD ee 
EAGLE SIGNAL CORPORATION 

industrial Division, Dept. EM-256 

MOLINE, ILLINOIS 


Please send free Automation Booklet “See What 
Timing Can Do For You.” 


NAME AND TITLE 
COMPANY 


ADDRESS 


city 


Book 
Reviews 


Air Conditioning Refrigerating Data Book. 
Design Volume. Ninth Edition. The 
American Society of Refrigeration 
Engineers, 234 Fifth Ave., New York 
1, N. Y. $10.00 

Intended as a comprehensive reference 

source, this volume contains all of the 

basic theory and engineering informa 
tion required for the design of refrigera 
tion and air conditioning equipment 

It is one of a continuing series of data 

books published by the ASRE, and sup 

plements the Applications Volume 
which covers specific refrigeration and 
air conditioning problems 

In the best interests of accuracy in 
this age of specialization, the services 
of 47 authors were utilized in prepar 
ing this volume. The handbook follows 
the classic pattern, starting with two 
basic sections covering thermodynami 
principles, heat transfer and fluid flow 
fundamentals, and air conditioning and 
psychrometric theory. Also, physical 
data on refrigerants, brines, piping and 
insulation 

This groundwork is followed by two 
additional sections covering specifi 
applic ation design and basic equipment 

Included are: Load calculations for 

commercial refrigerators, low tempera 

ture systems, heat pumps, compressors, 
condensers evaporators, and absorp- 
tion and steam jet units. Auxiliaries 
and self-contained units are treated 
separately in a fifth section which in 
cludes: Fans, cooling towers, motors 
controls, household refrigerators and 
air conditioning units 

The volume concludes with a short 

section on testing and servicing and a 

comprehensive set of refrigerant tables 

and charts, weather data, properties 
of materials, conversion factors and 


codes, standards and definitions 


Introduction to Electronic Analogue Com- 
puters by ©. A. A. Wass. McGraw 
Hill Book Co. Inc., 330 West 42nd 
St.. New York 36, N. Y. 231) pp 
$6.50 

This book is an addition to the series 

of monographs on electronics and waves 

originally published by Pergamon Press 
of London. The detailed up-to-date re 
port on the status of analog computing 
includes a description of analog differ 
ential analyzers and their components 

Both theory and design are treated. as 

are hitherto unpublished “tricks-of-the 
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From MOOG...Integrated 


Electro-Hydraulic 
Servo Actuator 


Units 


P Industry today has many new requirements 
for special actuators for use in high-perform- 
ance electro-hydraulic servo systems. The 
Moog Valve Company, Inc., as a leading servo 
valve manufacturer, recognizes a need for these 
components to be supplied as integrated valve- 
actuator assemblies. Such complete 
actuator packages offer the ad- 
vantages of a comprehen- 
sive custom design in- 
cluding reduced over- 
all complexity and 
minimum size and 
weight. 
These package 
units available from 
Moog include an ac- 
tuating cylinder, an 
electro-hydraulic servo 
valve, and a feedback sens- 
ing device. In combination 
with a suitable electronic amplifier 
they provide control of actuator displace- 
ment as a function of input signal. Overall per- 
formance is characterized by high dynamic 
response, linearity, and excellent resolution. 
To meet special requirements, assemblies 
can be provided which include such auxiliary 
devices as shut-off or by-pass solenoid valves, 


force limiting relief valves, and piston locks. 


MOOG VALVE CO., INC. PRONER AIRPORT, EAST AURORA, N. Y. 





LéT 
GOSHEN 


of NATURAL 
SYNTHETIC vc’ SILICONE RUBBERS 


Products by Goshen Rubber are not stocked, 
but are precision-fabricated to individual 
order. They‘re “application-engineered” to 
meet strictest specifications as to compound, 
service life and operating satisfaction. In- 


quiries regarding any rubber parts problem 
are invited. 


SEND FOR NEW BROCHURE 


This 8-page brochure and handy file folder a 
tells how Goshen Rubber can help you. 
Send for your free copy today. 


(A Vth yout 


49/6 + 1996 


MOLDED PRODUCTS 


See our “Facilities” catalog in 


Sweet's Product Design File. 


TT ee 


CUSTOM DEVELOPMENT AND FABRICATION SINCE 1916 
2826 S. TENTH ST. — GOSHEN, IND. 


aye 
You can depend 


eT 
eT Cm ey 


TYPE DCH 


HERMETIC SEALED RUGGEDIZED 
DEPOSITED CARBON RESISTORS 


NEW smaller sizes — NEW wattage ranges 


Ideal for use in UHF equipment 
where only the optimum of 
quality may be tolerated 


* Resistance ranges 
to 200 megohms 


© Temperature 
coefficient 140 
PPM to 500 
PPM per degree C 


Standard 
tolerance 3 
(other tolerances 
DCH-Y%, %& watt; DCH-\4, 4 available) Meet 
watt; DCSH-'%, \% watt | MIL-R-10509B 
DCMH-'4, % watt; DCH. (proposed) 
% watt; DCH-1, 1 watt Specifications 
DCH.-2, 2 watts 


Completely high temperature alloy 

solder sealed in envelope of non hydroscopu 
ceramic, Ruggedized for incorporation 

into snap-in clips. Production tested 

for resistance to thermal shock, salt-water 


immersion, and resistance to humidity 


Write for 
Bulletin R-27A 


DALE PRODUCTS, INC. 


1306 28TH AVE., COLUMBUS. NEBRASKA, U.S.A 


Export Dept.: Pon-Mar Corp 
1270 Broadway, New York 1, N.Y 


In Canada: Charles W. Pointon 
Phone 2139 ltd, 6 Alcina Ave 


Toronto 
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trade.” The coverage is sufficiently basic 
to be applicable to I 5 developments 
and machines list references is 
furnished on many phases of the sub 
ject that are not widely known among 
American readers 

The author discusses the mathemati 
cal problem statements of a variety 
ol systems amenable lo inalog com 
puter solution. These are developed by 
means of simple idealized computing 
networks that serve to introduce the 
basic characteristics of components 
Later, the computing components are 
described in detail with much attention 
to their inaccuracies, defects and short 
comings. A number of newer, non 
linear components are included 

Detailed descriptions of setting up 
analog computers for solving a number 
of specific problems are presented 
These include automotive suspensions, 
automatic pilots, fire control of naval 
weapons, and motions of a charged 
particle in combined electric and mag 
netic fields. After a brief discussion of 
auxiliary apparatus, the book de 
scribes and illustrates a number of 
existing computers, including “Trida 


sritain’s largest 


Standards 


Induction and Dielectric Heating Equip- 
ment 

Entitled “Standard, Test Code, and 
Recommended Practice for Induction 
and Dielectric Heating 
Publication No. 54 is a 24-page pam 


Equipment,” 


philet issued by the American Institute 
of Electrical Engineers. The Standards 
apply to all types of induction and di 
electric heating equipment 

The Standards provide information 
on: Definitions. Service Conditions, Rat 
Oscillators 
Power Supplies, as well as on Tempera 
ture Rise in Dielectric Tests 
tion is also provided on Nameplates 


ing of Converters and 


Informa 


Equipment and Auxiliaries. The Test 
Code is divided into two sections, one 
devoted to S« ope the other to Tests 
Also included is a section on Guide 
for Installation, Operation and Mainte 
nance, which is divided into five parts 
An appendix is also provided. Copies of 
Publication No. 54 may be 
from American Institute of Electrical 


obtained 





need quick service 


on TIMERS 


control ? 


Time Delay Timers 


Were 8 . 4.4 
a la EBS TE aati is Ca Se 


The more automatic control problems we get, the better we like 
it. For while it's true each automatic control job is a bit different from the 
rest, the record shows that our 19 years of timer experience has given us 


the special knowledge it takes to give you the right answers, and in near- 
record time. 


If one of our standard timers won't do your job — or one of the 721 com- 
binations we have thus far developed from our 17 basic units — our engineers 
will go right to work to develop a new combination that's the one for you. 


That's the way we grow — and we like it. 


We manufacture a complete line of timers in these 4 broad classifications: 


TIME DELAY TIMERS + INTERVAL TIMERS 

RE-CYCLING TIMERS * RUNNING TIME METERS 
And since we maintain large stocks of our 17 basic units, we can assure 
you of rapid deliveries — of excellent deliveries even on special orders. So 
whatever your automatic control problem, you have everything to gain by 


submitting it to our timer specialists. They'll give you a profitable answer — 
almost with the speed of automatic control itself. 


Re-Cycling Timers 


Running Time Meters 


Gaara 
Timers thet Cantve! MUI) 6INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry re 1411 McCARTER HIGHWAY, NEWARK 4, N. J. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





by manufacturers of 


nationally famous products 


DICTAPHONE Time Master 


requires a quiet and depend 
able motor to drive the record 
ing and playback mechanism 
Dictaphone gives “‘first call” 
to Loyd Scruggs 4-pole shaded 
pole motors, tailored to their 


specifications. 


Take a tip from Dictaphone 


one of many leading manufac 
turers specifying Scruggs Motors. 
Learn how we can help you de- 
velop better products. Sample 
motor built to your specs. No 
obligation. Write Loyd Scruggs 
Co., Festus, Missouri 


You can stake your reputation on SCRUGGS MOTORS 


eg ang 4 


MANUFACTURERS OF PRECISION 
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COMPANY 
FESTUS, MISSOURI 


TRUMENTS SINCE 1934 


Engineers, 33 West 39th St.. New York 
18, N. Y. Cost is 80 cents to non-mem- 
bers and 40 cents to members 


Specifications and Tests for Electrode- 
posited Metallic Coatings 


This compilation of 17. specifications 
methods of test and recommended 
practices embodies the work of ASTM 
Committee B-8 on 


Metallic 


Elec troplater s Society 


Electrode posited 
Coatings and the American 

Since the last compilation, all but 5 
of the 17 standards have been revised 
as the 
projects 


result of extensive research 


including long-term atmos 
phe ric exposure tests of copper-nie kel 
chromium plated steels 

Specifications are included for zine 
cadmium, nickel-chromium, and lead 
on steel; nickel chromium on copper 
nickel-chromium on zinc; and chromate 
finishes on zine coatings. In addition 
there are recommended practices for 
the preparation of low- and high-carbon 
steels, zine-base die castings, and cop 
per-base alloys for electroplating 
chromium plating on steels; and pre 
paration of and electroplating on stain 
less steel and aluminum alloys. Test 
methods are included for local thick 
ness, salt spray (BI17) and the acetic 
acid salt spray (B287) 

Copies of the Specification may be 
obtained from The American Society 
for Testing Materials, 1916 Race Street 


Philadelphia 3. Pa Price is $1.85 
| 


Metal Powders and Metal-Powder Prod- 


ucts 


Data sheet No. 4 is a cross-reference of 
standards, specifications and other data 
on metal powders and metal-powde: 
products published by the American So 
ciety for Testing Materials, Metal Pow 
der Association, Society of Automotive 
Engineers, and federal agencies, includ 
ing the military 

Copies of the Data Sheet No. 4 
“Standards, Specifications and Refer- 
ences for Metal Powders and Metal 
Powder Products,’ may be obtained 
from the Metal Powder Association, 420 
Lexington Ave., New York 17, N. ¥ 


Copies are available without charge 


Postcard 
vided preceding back cover as a 


return cards are pro 


convenience to the reader in ob 


taining further information on 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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PRECEDING 


BACK 
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OVER 


GOING UP! 


...with Sylvania transformers 
sealed in "“Scotchcast" 


In a matter of seconds, rockets leave searing hot 
desert heat for freezing upper-atmosphere tempera- 
tures! That’s one of the many reasons why Sylvania 
Electric Products, Inc., chose ‘“Scorcucast’”’ for 
their new sealed-in-resin transformers used in many 
types of new military missiles and aircraft. 

Wherever rigid military specifications call for insu- 
lated electrical components, one of the “Scorcu- 
cast” Resins will do the job. 


These epoxy-type resins, products of 3M Research, 
cure into a solid, shock-resistant, moisture-resistant 
insulation. And “Scorcueast”’ sticks tight to most 
metals, plastics and conductors —is unaffected by acids, 
alkalies, solvents, oils and extremes of temperature. 


A quick look at the features of these new Sylvania 


transformers shows many advantages gained by the 
use of “Scorcucast”’ 


MIL-T-27 GRADE 1 CLASS A 
LOOK-200K Megohme IR values 
after complete Mil-T-27 testing 
Dielectric Strength: 1500 V/Mil 


Extreme temperature range 
65°C to LLOPC 


Reduced weight 

Good thermal properties 

High impact strength 

Versatile hapes and mountings 
Fungu prool 


Permanent hand-etched marking 


Non-inflammable 


Minimum space 


For more information on what “Scorcucast’”’ 
Resins can do for you, write Minnesota Mining and 
Manufacturing Co., Dept. BY-26, St. Paul 6, Minn. 


SCOTCHCAST 


SR And 


RESIN 


The term “Scorcucast’ is a registered trademark of Minnesota Mining and Manufac 
¥ & 


turing Co., St. Paul 6, Minn. Export Sales Office: 9) Park Ave., New York 16, N.Y 
In Canada: P.O. Box 757, London, Ontario 





New spring stress reliever 
increases operating life 


CHROMALOX 
Electric 
CARTRIDGE HEATERS 


On applications which require repetitive flexing 
action, you can now obtain Chromalox Electric 
Cartridge Heaters equipped with an ingenious 
high tensile spring which protects the lead wire 
against premature breakage 

The spring—which ts mechanically locked to 
the cartridge heater and is not affected by heat 
follows the lead wire a sufficient distance to 
prevent sharp twists from breaking the wire 
Laboratory testing indicates that operating life 
of the lead wire can be increased up to 10 times 
with this spring stress reliever 

Chromalox Electric Cartridge Heaters equipped 
with the spring stress 


reliever are available in 


a”, 4", %" and %" diameters 


Let the Chromalox Sales Engineering staff 
solve your heating problems . . . electrically. 


Write for your copy 
of Bulletin 850 


for more specific information 
on Chromalox Electric Car 
tridge Heater: 

For information on the com 
plete line of Chromalox 


Electric Heater request Catalog 


Edwin L. Wiegand Company 


SS Boulevard ¢ Pittsburgh 8, Pennsylvana 


EDWIN L. WIEGAND COMPANY 
/530 Thomas Boulevard, Pittsburgh 8 
| would like to have 
a copy of Bulletin 8 

copy of Catalog ° 


d 
a Sales-Engineer contact me 


} 
| 
J 

t_] 

(J 

Name 
Company 


Street 


Men in Industry 


Square D) Co. has named Dr. John D. 
Leitch vice president-engineering. Dr. 
Leitch formerly was vice president and 
chief engineer of Electric Controller, 


prior to its recent merger into the 


DR. JOHN LEITCH 


Square D. Co. as an operating division 
In his new post, Dr. Leitch will have 
headquarters in Detroit and coordinate 
engineering activities for Square D 
plants in nine [| S. cities and in 


Poronto and Mexico Cuity 


Indiana Steel Products Co., Valpara- 
iso, Ind. has added Herbert R. Toler 
to its research department as a research 
engineer. One of M 
responsibilities will be the further de 


Toler’s primary 


velopment of Indox, a relatively new 
ceramic type permanent magnet mate 


Ralph W. Rawson has joined Fansteel 
Metallurgical Corp. as chief engineer 
to take charge of the company’s newly 
established 


Dept., a merger of several design, de 


Centralized Engineering 


velopment and laboratory engineering 


funetion 


Allis ( hale rs 


has advanced the following men to su 


Manufacturing Co 


pervising engineers in its control de 
partment: Robert Peebles, mill control; 
Allan Halter, specialized control; Wil- 
liam Eagan, regulators and circuit devel 
opment; and George Brooks. standard 
starters and engineering services. Also 
promoted to similar positions were 
Charles Peter, device development, and 
Geert Beling, development laboratories 


Aircraft and missile systems will re 
ceive greater emphasis at the Mechani 
il Division of General Mills, Inc Min 
neapolis, Minn., as a result of a staff 
reorganization plac ing Dr. Cledo Bru- 


netti_ in the position of director of 
engineering, research and development. 

In another move by the company Dr, 
Carl L. Kober, World War I] German 
radar and guidance expert, became as- 
sociate director in charge of systems 
engineering, research and development. 
Associate director of research and de- 
velopment now is Dr. John E. Barkley, 
formerly manager of physics and chem- 


istry research 


Asa H. Myles former assistant chief 
engineer of the Electric Controller & 
Manufacturing Co., Cleveland, has been 
named chief engineer and member of 
the operating committee of the com- 
pany, now a division of the Square D 
Co., Detroit. Joining Electric Controller 
shortly after graduating from Ohio Uni- 
versity with a degree in electrical engi- 
neering, Mr. Myles became a control 
engineer for the company and _ since 


1943 served as assistant chief engineer. 


Donald W. Smith has been elected 
president of Kearfott Co., Inc., Little 
Falls, N. J., 


aircraft components, instruments, in- 


designer and producer of 


struments and systems. Formerly Mr. 
Smith was vice president and director 


of engineering and sales. 


At Fansteel Metallurgical Corp. Dr. 
John D. Kleis has been appointed man- 
ager of the electrical contact division. 
Dr. Kleis joined the Fansteel organiza- 
tion in 1936 as a research physicist 
shortly after receiving his degree from 
Yale. He has been. instrumental in the 
development of a number of electrical 


contact alloys and applications 


ACK Industries, Inc.. New York, has 
announced the appointment of Richard 
B. Hubbard as president of its Erco di- 
vision, which specializes in the manu 
facture of flight simulators, electronic 
devices and other aviation equipment, 
Formerly with Specialties, Inc.. Mr. 
Hubbard also has been associated with 
Fairchild Engine and Airplane Corp., 
North American Aviation and the Alli- 
son division of General Motors in vari- 


ous engineering capacities. Erco is lo- 


cated at Riverdale, Md. 


Clary Corp., San Gabriel, Calif. has 
appointed two assistant chief engineers 
to head new development programs for 
its electronic and data-processing equip- 
ment and for business machines. Ken- 
neth F. Oldenburg anid Milton Scozzafava 
were promoted to the newly established 
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CTC Slug Tuned Coils are made in single layer or pie type windings to your specifications. Forms are of grade L-5 
silicone impregnated ceramic. Mounting studs are cadmium plated brass; silicone fibreglas collars facilitate termina 
tion of simple or multiple windings 


Death-defying performance 


You can depend upon CTC Coils Corporation, 453 Concord Avenue 
to give a steady, star performance Cambridge 38, Mass. A West Coast 
whether you use ten or ten thou- stock is maintained by E iT f 
sand! They won’t go dead even Roberts, 5068 West W: a ! 
under severe temperature, climate Blvd., Los Angeles 16 -— 988 t. 
or vibration conditions. Here’s why: Market St., San Francisco, Calif 
All ¢ r¢ coils are precision-made CTC Capacitor family: Metallized ceramic f fie 
to meet individual specifications From left to right — CST-50, in range 1.5 t 
MMF I's. CST-6, in range | to 4.5 MMFED 
and to meet, or better, government CS6-6, in range 1 to 8 MMFD"s. CS6-50, in rang 
specifications. Continuous quality 3 to 25 MMF D's. CST-50-D, a differential cap 
tor with the top half in range | to 10 MMFD 
control is maintained. As a result, and lower half in range 5 to 10 MMFD 


you get a guaranteed electronic com- ¢ 
ponent custom or standard. 


Precision-made CTC components “J 
that benefit from CTC high quality 

standards include terminals, termi- 

nal boards, capacitors, swagers, CAMBRIDGE THERMIONIC CORPORATION 

hardware, insulated terminals and 

coil forms. For all specifications and makers of guaranteed electronic components 

prices, write Cambridge Thermionic custom or standard 


” 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVE! 





Gud for wine 


Extra high standards 
demanded for all components, 
add up to a top-quality 
Rheem water heater. 


Continuous immersion in water for o min- 
imum of 200 hours (as opposed to 3 
hours required by Underwriters Labo 
ratories) followed by a 1200 Volt 
breakdown... were among the series 
of rigid tests used by Rheem in selecting 


the wire lead to heating elements 


The Continental heat- and moisture-resis 
tant lead-in wire chosen met all of 
Rheem's high standards for quality and 


performance. 


AT YOUR SERVICE. Continental's in 
dustrial wire and cable specialists are 
available to advise and recommend the 


best wire for your requirements. 


TYPE AF-P FIXTURE WIRE 


300 Volt service. Solid copper. Flame-, 
heat-, and moisture-resistant asbestos 


insulation. 


Recommended for water heaters, wash- 
ing machines, dish washers, clothes dry- 
ers, etc. Special types available to meet 
extra rugged requirements as in the 


case of Rheem. 


ontinental 


SPECIFIED 


Rheemglas Electric Water Heater 
. with Continental Lead Wire 
To Heating Elements. 


WIRE CORPORATION 


WALLINGFORD, CONNECTICUT © TORK, PENNSYLVANIA 


positions of assistants to Robert Ff 
soyden, chief engineer. Both have been 
engineering supervisors since 1952. Mr 
Oldenburg will continue in charge of 
the electronic and data handling equip 
ment department and Mr. Scozzafava 
of the business machines department 


Rear Admiral Frederick R. Furth, 
U. S. N. (Retired), who served for 
the past two years as Chief of Naval 
Research, has joined IT&T as special 
assistant to the president of its Farns 
worth Electronics Company division, Ft 
Wayne, Ind. Admiral Furth will be in 
charge of new product development for 


the Farnsworth division. 


In his new capacity as chief potenti 
ometer engineer at Waters Manufac 
turing. Inc., William J. McGrail, Jr., will 
be responsible for the design and de 
velopment of the Wayland, Mass., com 
pany's entire line of precision potenti 
ometers including new microminiature 


units 


Chief engineer of Raytheon Manu 
receiving tube division 
now is Niles P. Gowell, who will be re 


facturing Co 


sponsible for all engineering functions 
of the division. With the Waltham 
Mass., electronic firm since 1928, Mr 
Gowell has during the intervening 27 
years held positions of increasing re 
sponsibility, serving just prior to his 
present appointment as head of the 
quality control and applications engi 


neering departments of the division 


Donald B. Nason, who joined the Cros 
ley division, Aveo Manufacturing Corp 
as chief receiver engineer, has been 
elected vice president and director of 
Crosley’s government products engineer 
ing. During World War Il Mr. Nason 
wis responsible for design, development 
and product engineering of new equip 
ments for the Military including dire 
tion finders, guided missile guidance 
systems 


equipment radar among 


others 


Donald G. Sturges, formerly director 
of operations of the AEC plutonium 
plant in Washington, has been ap 
pointed manager of the new products 
branch of the research and development 
division of The Carborundum Co. Mr 
Sturges will supervise the company’s 
development program after the initial 
stages of research in new products 
through the pilot plant production 
phase, prior to final production and 
marketing 


Appointment of Dr. Louis N. Ridenour 
as director of its research laboratories 
has been announced by Lockheed’s Mis 
sile Systems division. Formerly Dr 
Ridenour was program development di- 
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% of Mentions 
0 10 20 60 70 80 90 100 
' 

Cost Reduction | | | | | | | | 
Production Methods e 
ontteeene COST REDUCTION is 
Automatic Operation 
Materials Selection 


| | ® 4 
Weight Reduction Product Designers 


Decreased Maintenance 

Greater Precision 3 NO. 7 PROBLEM eee 
Higher Speeds 

Quieter Operation 

Easier Operating Controls 

Lubrication Methods 

Reduced Vibration 


Tabulated results of a recent 


survey showing the problems 
receiving greatest attention 
from Product Designers. 


HELP LOWER COSTS 


Product Designers will find many cost-saving advantages in 
the use of NICE precision, semi-precision and unground 
ball bearings. Experienced NICE Engineers can not 
only help in the selection of the proper stand- 
ard bearings, but can design “exactly 
right’’ special bearings to meet 
particular application 


requirements. 


WRITE FOR 
CATALOG No. 150 


2 s 
2 NICE 


NICE BALL BEARING COMPANY 


NICETOWN PHILADELPHIA: PENNSYLVANIA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





ONE PIECE” nmin 


hak 


Buchanan ‘One-Piece’ heavy-duty Terminal Blocks 


are conservatively rated at 50 amperes —750 volts. 


for Available with solderless connectors for direct attach- 


ment to /16 thru /6 stripped wire,—or with strap con- 


nectors for screw attachment to looped or terminal- 
ended wires. 


circuit 


and control 


Can be supplied in various molding compounds and 


wiring with different types of marking strips and covers. 


4,6, 8 and 12-circuit sizes. 
Write for Bulletin M2, or send us your specifications. 


= / BUCHANAN 
f- ak ey 


Solderless Type 
One-Piece” Blocks | “One-Piece” Blocks 
/ & a ELECTRICAL PRODUCTS 


ry 
Catas Oi CORPORATION 


Sectiona! — AN Type HILLSIDE, NEW JERSEY 
pres QURE blocks 


in 
| hella 


Screw Type 


Terminal Strips 


Gesaccumulater Co. (Canada) Lid 
IN CAN , 
ava / 12 Gower S., Toronto 16, Onterie 


where does 


CcoTo-coiL 


gue here? 


Lightning speed business ma- 
chines are a bookkeeper’s best 
friend. And in many of the finest 
precision instruments, Coto 
Coils make amazing rapidity 
and accuracy possible. 

If you use coils, Coto-Coil 
can solve your difficult problems 
of design and production 


Send details to 


COTO-COIL CO., Inc. 


63 Pavilion Ave ’ Providence 5, RI 


t 
e* 


Coto <> Coils 


CISlo 
4 


rector at the Missile division. In taking 
over active direction of the division's 
research activities, Dr. Ridenour re- 
vealed that the research program will 
continue to expand substantially, with 
company-sponsored basic research, ex 
clusive of contract research, to be 
stepped up very appreciably. 

Dr. Ridenour, was the first U. S. 
Air Force chief scientist and is known 
for his contributions during World War 
Il to the development of radar and 
electronics equipment 


Two physicists, Daniel S$. Schwartz and 
Richard J. Wiack have joined the en- 
gineering staffs of two of the associated 
companies of Gulton Industries, Inc., 
Metuchen, N. J. Mr. Schwartz now with 
the Glenco Corp., holds a graduate 
degree from Rutgers. Mr. Wiack comes 
to Vibro-Ceramics Corp. from two years 
on active duty with U. S. Army Ord- 
nance Corps where he worked at White 
Sands Proving Grounds, New Mexico 


Elizabeth, N. J.. has 
announced the retention of Robert Le- 
Baron to assist the company in its ex- 


Daystrom, Ine.., 


pansion in the atomic energy field. For- 
merly deputy to the Secretary of 
Defense for Atomic Energy and chair- 
man of the Military Liaison Committee 
to the Atomic Energy Commission, Mr 
LeBaron since 1949 also has advised the 
President of the United States on mili- 
tary phases of the AEC’s activities 


L. S. Preston has been appointed en 
gineering manager in the Los Angeles 
division of the Electronic Engineering 
Company of California, with respon 
sibility for all of the company’s engi- 
neering and allied activities. Mr. Pres- 
ton formerly served as head of the com- 
pany’s engineering department and also 
as manager of its Florida Division. 


At Allegheny Ludlum Steel Corp 
Dr. Gunther Mohling has been named 
chief metallurgist for the corporation, 
to replace Dr. Rush Lincoln who re 
cently was named technical director of 
the organization. Dr. Mohling will be 
headquartered in Brackenridge, Pa. 


H. A. Bartling, formerly manager of 
the Allis-Chalmers electronics section, 
has been named assistant to the di- 
rector of electrical engineering. Mr. 
Bartling, who has been with the com- 
pany for nearly 30 years, will be 
succeeded in his present post by W. E. 
Gutzwiller, with D. B. Scott becoming 


assistant manager of the section. 


At Servo Corporation of America, 
New Hyde Park, N.Y., A. Erie Theis 
has been advanced to vice president in 
charge of manufacturing. 
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) the indispensable 


y * 


A 


'...he symbolizes 


MACALLEN MICA 


... top choice of electrical and indus- 
trial engineers, who rely upon MICA, 
the indispensable, natural insulating 
material — yet must have it precision- 
shaped and molded for uniform size 
and thickness . . . for dependable, eco- 
nomical dielectric applications. They 


think of it as the Mica with the PLUS! 


‘epee 


THE M 


& 


ei ti 
when you think of MICA . . think of MACALLEN 


MACALLEN MICA 


ALL FORMS @ ALL QUANTITIES @ ALL DEPENDABLE 


BS RRA 


> 565 W WASHINGTON BOULEVARD 


SseVanaw sao 


@ CLEVELAND, 123! SUPERIOR AVENUE 


“4 


SY 
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NEW COMPACT 


STEARNS MAGNETIC 
DISC BRAKES 


for New Motor Sizes 


Stearns magnetic disc brakes 
eliminate waste time by stopping 
electric motors instantly ...speed 
output by holding unbalanced 
loads during machining, assem- 
bling, etc. Now Stearns magnetic 
brakes — choice of leading motor 
manufacturers — are built to fit 
rerated NEMA motor frames in 
1/20 hp to 100 hp size range, 
AC or DC. 


Motor Frame or Floor Mounting. 
New Stearns brakes are built to 
mount on NEMA frames 42-C, 
48-C, 56-C, 66-C, 182, 184, 213 
286 — and can be adapted to 
mount on NEMA C flange face 
motors in 364-404 frame sizes 
Stearns-type motor mounting and 


floor mounting also available 


Wide Torque Range For Wide 
Variety of Jobs. ‘Torque range 
from 6 Ib in. to 7,500 Ib ft. With 
this range you can match torque 
to load conditions, shaft speed, ete. 


New Shorter Size. Permits instal 
lation in close quarters. 


Easy Adjustment. No special tools 
required. Easy torque and wear 
adjustment. Long-lasting linings 
easily replaced 


An Enclosure For Every Need. 
Explosion-proof — dust and water- 
proof — standard. Vertical or 
horizontal. 


A Maintenance Man's “Dream” 
Unit. Simple to install — easy to 
maintain, Can be completely dis 
assembled and reassembled in a 


few minutes 
1118 


I 
1 


1 
| 


| 
I 


Send For New Bulletin 

Get complete details onnew 
Stearns brakes. Write for 
brake portfolio 604-F-4. 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS « 


STEARNS MAGNETIC, INC., 6425. 28th St., Milwaukee 46, Wis. 


Company 


Briefs 


Square D Co. Detroit, and Electric 
Controlier and Manufacturing Co. have 
formally started operations as a merged 
corporation. Square D, as the surviving 
company, will operate Electric Con 
troller as a separate division, becoming 
one of the nation’s largest manufactur 
ers of electrical control and distribution 
equipment. Electric Controller, recent! 
completed a 340,000 sq ft plant in 
Cleveland, where it will remain as a 
Square D division. 


Purchase of “substantially all” of 
the assets of the Watson Flagg Machine 
Co., Paterson, N. J., has been an 
nounced by General Electric, which ha- 
formed a new department, the Gear 
Motor and Transmission Component- 
Department, with headquarters in the 
Watson Flagg plant. The Paterson firm 
has long supplied gear motor compo 
nents to G. E. and formation of the 
new department will permit consolida 
tion of the entire gear motor busines- 
of General Electric. The new depart 
ment becomes part of G E.’s Compo 
nent Products Division 


Opening of a new plant at 11-11 13) 
St.. College Point 56, N. Y.. has beer 
announced by Lambda Electronics Corp., 
103-02 Northern Blvd., Corona 68, N. ¥ 
The new building provides the company 
manufacturer of regulated and unregu 
lated d- power supplies, with addi 
tional manufacturing capacity required 
to meet the frowing acceptance of 


factory-assembled equipment 


Waters Manufacturing, Inc., Wayland 
Mass. is expanding its facilities for 
the manufacture of precision potentiom 
eters, electronic instruments and me 
chanical test equipment by erecting a 
10,000 sq ft building on Boston Post 
Rd., Wayland, Mass 


International Business Machines Corp 
has been granted a license to manufa 
ture printed circuits by the Techno 
graph process, becoming the first com 
pany in the business machine field to 
be granted a license under these pat 
ents. Signing of the IBM-Technograph 
license follows closely the completion 
of similar license agreements with RCA 
and = Curtiss-Wright According to 
Hubert L. Shortt, president of Techno- 
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CONOLITE 


POLYESTER LAMINATES 
AVAILABLE IN CUT-TO-WIDTH COILS! 


CONOLITE coils, glass cloth base, are used to insulate rotor 
conductors by manufacturers of mammoth turbine-genet 
ators. The high dielectric strength and unusual abrasion 


resistance of this grade guards against costly electrical 
breakdowns, and insures dependable 


uninterrupted 
electric power service 


CONOLITE coils, cotton cloth base, are used by automotive 
and aircraft manufacturers for insulating parts. That 
means lower fabricating costs, higher production. Avail 


ible in base materials of both medium and fine weave 
cotton cloth, these grades 


are used where mechanical 
strength 


excellent electrical properties and low cost 
ire important 


zy 


SS <_,, 


CONOLITE coils, paper base, are used in the fabrication of 
insulating parts of all sizes and shapes where economy is 
essential. This grade combines good punching proper 
ties and excellent electrical values with are resistance 


and economy. Its lightness in weight means more pieces 
per pound, too. 


Call Continental for complete data on CONOLITE 
—available to you in cut-to-width coils. 


CONTINENTAL E CAN COMPANY 


CONOLITE DIVISION 
WILMINGTON 99, DELAWARE 


CAKDS, PRECEDING BACK COVEE 





graph Printed Electronics, Inc., Tarry- 

mu | Hh, ili HIGH COST Ns MOIST town, N. Y., IBM’s move indicates the 
Wa growing acceptance of the etched and 

‘ plated techniques for producing printed 


USNC 


Entire facilities of the Silicon Corpora- 
tion of America have been acquired by 
Sarkes Tarzian, Inc., Bloomington, Ind., 
which will operate the newly acquired 
company as part of its rectifier division. 
Complete production facilities will be 
moved to Bloomington immediately and 
expanded as required. All key person 


nel have been retained 


Cannon Electric Co., [os Angeles 
manufacturer of multicontact electric 
connectors and d-c solenoids has com- 
pleted negotiations for the purchase of 
facilities, physical assets, inventory in 
progress and orders on hand of the 
Diamond Manufacturing Co., Wakefield, 

Resinite coil forms are the economical ; Mass. Diamond, which has been pro- 
answer to your moisture, heat and ; ducing a line of coaxial connectors, be 
corrosion resistant problems. Coil saad a _ . eee ene aa comes the Diamond Division of Cannon 
Electric Co. Roger Bowen. Cannon Elec- 


manufacturers have reported that in 


tric chief engineer has assumed the 
many applications they are proving luties of manager of the Division 
‘ | ’ ‘ < Zz ; € ” 
equal or superior to previously used 


and much costlier extruded or molded . 4 


flash of electronic light triggered 
plastic forms a chain of electronic equipment in 

Resinite coil forms provide the high- a ‘ Denver recently to swing open the doors 
est resistivity of any resinated or of the new million dollar manufacturing 
plant for the Heiland Division of Minne- 


phenolic product. They are manufac- 
apolis-Honeywell Regulator Co. The two 


tured by an exclusive process to pro 

major product lines of the Division 
vide the optimum in both dielectric and consist. of instruments for scientific 
mechanical characteristics under the and laboratory use and photoflash 


most severe operating conditions. In equipment, mostly of an electronic na- 
addition, ‘T’ruTork internally threaded sure 
or embossed forms assure exceedingly 


high torque control of +1 inch ounce hood olicirid dada Phe West Coast division of Hether- 
> ae ington, Inc., Sharon Hill. Pa. has moved 

axial pressure in excess of 25 pounds 

from Culver City to new and larger 

quarters at 139 Illinois Ave., EL Se 

gundo, Calif. The firm manufactures 

These include: AC for applications aviation-type snap-action switches, in 


Various grades of Resinite are avail 


able to meet particular requirements 


where a cellulose acetate covering is dicator lights. relays and coils. Home 
desirable; 104 for severe forming, fabri offices remain in Sharon Hill 


cating and stapling; 8104 for minimiz 
Weber Aircraft Corp., [os Angeles 


ing effects of electrical property degra 
has established a new electronics divi 


dation; and TruTork to provide an — o 
internally threaded or er be ed f Sa Stet 
tas . nDossea torm plant to permit development and expan 
to fit any threaded core — regardless of X sion into this field 
diameter or threads per inch. ‘ 
4 \ cS C. P. Clare G Co., manufacturer of 
| \ opened a new production unit at Fair 


custom-built relays and switches has 
Special embossed construction elimi- view. N.C 


sion at the company’s Burbank, Calif 


Get full facts on Resinite coil 


forms, Write, wire or phone. 


The company will also con 
nates torque control problems 


tinue to build up its facilities at its 


ania new Chicago, IIL, plant 
eR CORPORATION Hughes Aircraft Co. has purchased a 


$2 acre tract of land and nearly 500,000 
MSM ee att tor thei 
tegration of its electronic manufactur- 


ing facilities. Located at 2060 KE. Im- 


perial Hwy., the main plant comprises 


20358 W. CHARLESTON ST. CHICAGO 47, ILLINOIS 


Representatives Throughout the United Stat 1nd Canada 
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CASE HISTORIES FROM 
MT. VERNON FILES 


No power plane before this Porta-Plane* has ever 
used such a high speed motor. And when any manu- 
facturer is out to break all precedents, and still sell 
his product at a low price, he needs every bit of de- 
signing and production skill he can find—anywhere. 


This manufacturer found these in generous abun- 
dance at Mt. Vernon. The 8 principal parts of the 
frame of the Porta-Plane were designed to obtain the 
special advantages of die casting: thin wall sections 
of great strength and rigidity, negligible machining, 
smooth finish, high speed production, low cost. 


This important advantage—low cost—stems directly 
from the way we are organized here at Mt. Vernon. 
From die cast to finished casting, Mt. Vernon has both 
the complete die casting service and the facilities it 
takes to produce parts like these at minimum cost in 
any quantity. We have 162,000 square feet of the 
most modern equipment for making dies and for die 
casting aluminum and zinc. Mt. Vernon service com- 


INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


prises completely coordinated designing, die-making, 
casting, and machining, all under one roof. 


It will pay you to bring your production specifica- 
tions to us. We may show you, as we did Porter-Cable, 
the way to important cost reductions and improved 
products. 


LUT rath 


bs 
MMeiiene ke NT eee 


MT. VERNON 
DIE CASTING CORP. 


STAMFORD ec A ee ee oe 





NEW 


CHEMELEC CONNECTORS 


Aluminum Base Type CNA 


Compression Mounted, 
TEFLON-Insulated Terminals 


2 to 34 Pins 
Lower Cost... High Performance 


These Chemelec Connectors are designed for low loss, high 
frequency service in interconnection of radio, radar and 
other electronic equipment—where connectors must be 
unaffected by a wide range in ambient temperatures, pres- 
sure altitudes, humidity and mechanical shock and vibration. 


Current rating is 3 amp. for .040 pins and 5 amp. for .063 
pins. Voltage rating is 3,300 V. RMS (short time test at 
sea level). 

The TEFLON insulation is serviceable at temperatures 
from minus 110°F to plus 500°F, for operation in pressure 
altitudes from 0 ft. to 60,000 ft. Water absorption is zero by 
ASTM Test. 

TEFLON will not carbonize under arcing, and will not 
support combustion. Its dielectric strength is greater than 
500 Volts/ Mil. 

Lower prices are accomplished by individual compression- 
mounted, TEFLON-Insulated Terminals in low-cost alumi- 
num bases. 


These same terminals are also available for compresgion- 
mounting, directly into drilled or punched holes in the chassis 
itself, without need of additional hardware. (see below). 


Write for 


Catalog EC-455, 


Fluorocarbon Products, Inc. Division of 
UNITED STATES GASKET CO., CAMDEN 1, NEW JERSEY 


FABRICATORS OF FLUOROCARBONS 


AND OTHER PLASTICS 


Representatives in principal cities throughout the world 


354,400 sq ft. The expansion of plant 
facilities was made necessary by the 
company’s recent entrance into the 
commercial products field. 


Expansion of engineering facilities 
has been announced by Sealectro Corp., 
with office and plant at 186 Union Ave., 
New Rochelle. N. Y. The expansion 
will not only result in more intensive 
research and development of products, 
but also in increased application-engi- 


neering service to its customers 


Ramo-Wooldridge Corp., Los Angeles 
is spearheading a technical bookwriting 
project involving the compilation of a 
three-volume work entitled “Handbook 
of Automation, Computation and Con 
trol.” Individual books in the series 
will be entitled “Mathematics and Feed 
back Control.” “Computation and Data 
Processing” and “Control Systems and 
Components.” The company has en 
listed the cooperation of leading Uni 
versities and industrial firms. Massa 
chusetts Institute of Technology, Bell 
Laboratories, General Electric IBM 
and other industrial educational organi 


zations are participating in the program 


A new division to be known as the 
Receiving and Cathode Ray Tube Opera- 
tions, has been established by Raytheon 
Manufacturing Co., Waltham. Mass. The 
new division, with headquarters in New 
ton, Mass., sets up separate facilities 
and has responsibility for all non 
entertainment tubes, including indus 
trial and specialized) purpose types 
for guided missiles, aircraft, radar and 
many other military and commercial 


applications 


Standard Pressed Steel Co. Jenkin 
town, Pa., major producer of fasteners 
has a quired the assets of the Cleveland 
Cap Screw Co., Cleveland through an 
exchange of sto« k 


A leading manufacturer of selenium 
rectifiers is embarking on a program 
to increase output, improve quality and 
reclaim supplies of the scarce metal 
The 33-year old Radio Receptor Co., Inc., 
Brooklyn, N. Y. is expanding its pro 
duction facilities, installing new equip- 
ment and devoting an additional 24,000 
sq ft of space at its Semi-Conductor 
Division manufacturing plant at 84 
North 9th St., Brooklyn, to selenium 
rectifier production, The firm expects to 
increase its output by 40 per cent 


An advanced flight research center 
and plant for the development and 
manufacture of electronic equipment 
for civil and military aircraft services 
will be constructed in Phoenix, Ariz 
by the Sperry Rand Corp., N. Y. Desig 
nated the Aviation Division, it is the 
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QUALITY CONTROL CHART — MARCH 1954 to SEPT. 1955 


ELECTRICALTESTS mee 
SHOW HF ROEVAR [am anne 
MAGNET WIRE 

FAR EXCEEDS 


REQUIREMENTS 


THIS REPRODUCTION of a quality con- 


trol chart speaks for itself. Covering Roebling 








‘ 


225% AVERAGE 
ABOVE SPECIFICATION 


TEST VOLTAGE 


routine inspection tests for the 15 months 
preceding September, 1955 it shows that the 
insulation of HF Roevar Magnet Wire has a 
dielectric strength ranging, on the average, 
from more than 200% to 600% higher than 
NEMA requirements. 

Roevar Magnet Wire insulation has every 
other important characteristic. It is tough — 
ideal for high speed winding. It bends freely 


without cracking or loosening from the con- 


600% AVERAGE 
ABOVE SPECIFICATION 


ductor. It has maximum resistance to sol- 
vents in treating varnishes and to all usual 
baking temperatures. 

The copper conductor is uniformly soft, 
insuring good winding characteristics. 

Send for full information...and specify 
Roevar Magnet Wire — today’s finest! 


JOHN A. ROEBLING'S SONS CORPORATION, TRENTON 2, WN. J. amancHes: ATLANTA, 934 AVONAVE. + BOBTON 


Ww. POOBEVELT RO. + CINCINNATI, 3253 FREDONIA AVE * CLEVELAND, 1322565 LAKEWOOD HEIGHTS Bivo. + OF 


1 1S STILLING BY. « CHIGAGO,64264 


NVER, 48601 JACKEON GT * OeTrRorrT, e146 


FISHER BLOG. + HOUSTON, 6216 NAVIGATION B@LVO. + LOB ANGELES, $340 £€.HARPBOR BT. + NEWYORK, 19 RECTOR BY. + GOEBBA, TEXAS, 1920 €. 42ND 


eT . PHILADELPHIA, 230 VINE BT . PITTSBURGH, 1723 HENRY W. OLIVER BLOG . BAN FRANCIBCO 740 17TH eT 


+ @€ATYLE, 900 
. 
I1sT AVE. S& * TULBA, 321 NN. CHEYENNE ST * EXPORT BALES OFFICE, 19 RECTOR ST..NEW YORK 6.N.¥ & 13 
f 
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latest of a series of autonomous indus- 
trial divisions created by the Corpora- 


tion, which was itself formed in July 
® through the merger of the Sperry Corp. 
and Remington Rand, Inc. 


WATERPROOF MOLDED COILS \s a result of increased activity and 


new contracts in the field of guided 
A completely new concept to fabricating waterproof electrical coil geile ele e > i > 
windings has been developed by DeLuxe Coils, Wabash, Indiana missile electronic and test equipment 


Molded from the new epoxy resins, the coils are impervious to water Allen B. DuMont Laboratories, Inc., 
oils, dust, acids, alkali solutions and water base hydraulic fluids 
Clifton, N. J. has established a new 


Missiles Engineering Department that wil! 
be responsible for all company design 
development work in the missile field. 
DuMont engineering groups engaged 
in missile electronic work during the 
past few years will become associated 
with the new department. For several 
years DuMont has maintained engineer- 
ing laboratories both in the Clifton area 
and at Los Angeles for such activities. 


The windings are completely encased in the thermosetting resin by 
incorporating the unique design of a core tube fabricated from the : 
same resin as is used in the encapsulating process The Trane Co., I a Crosse, W Is plans 


Coil windings are currently being molded in green, black, red and to build during 1956 a 65.000 sq-ft 
blue colors, and all four colors are recognized by Underwriters 


Laboratories as insulating materials for general purpose application “| shaped engineering building to pro 
105° C Class A requirements 


vide space for the company’s product 


Write today for complete details and design departments. The company 


DELUXE COILS, INC., Wabash, Indiana cet sagt eget yet te 


ventilating and heat transfer equipment, 


The research and technical labora 
tories of Condenser Products Co., manu 
ufacturer of plastics capacitors, high 
voltage power supplies and pulse warm- 
ing networks, has moved to 6457 
Sheridan Rd., Chicago. Formerly the 
laboratories were at 7517 North Clark 
St.. in Chicago. Condenser Products is 
a division of New Haven Clock G Watch 


& Co., New Haven, Conn. 


SOLDERING LUGS Influx of development contracts has 
=. rompted Jack G Heintz, Inc., Cleveland, 
SOLDERLESS LUGS Ni prompted J t 


to reorganize its engineering depart- 


T ER MI NAL S ; ’ ment. Essentially, all development work 


is being organized into two major di- 
> - visions, each to be headed up by a 
Speci: , 
pecializec ugh production chief project engineer The two new key 
technique: afford lowest possible 
; oa posts have been awarded to Omar ¢ 
nit st F 
Pan om Walley and Robert G. Dobbin 
@® Precision tooling, rigid quality Mr. Walley 


is now chief project 
control assure tolerances to critical 


engineer heading all engineering sec- 
specification tions developing a-c electric systems 

‘ “ P « Mr. Dobbin is chief project engineer 
@® Ample stocks of over 1000 differ , 6 


responsible for engineering sections de 
ent parts permit prompt delivery 


veloping d-c generators, actuators, air 


@ Malco specializes in a complete qj Request handy ref- craft and commercial motors, and re 


line of small stampings for Radio erence catalog con- lated products 


TV, electrical/electronic and auto- / taining specifications 
/ 
motive industries on standard and cus- 


tom-made lugs, termi \ssets of Technical Reproductions, 
Let Malco show you how you can save nals, corona rings, 


Inc., a California firm engaged in 


on production time and costs. Contact pin 


s, contacts and 


' printed-circuit activities, has been pur 
us today. similar stampings 


chased by the Packard-Bell Co. The 


TOOL someel MANUFACTURING CO. newly acquired firm will be operated 


as a department of Packard-Bell’s tech 
4021 W. LAKE ST., CHICAGO 24, ILLINOIS nical products division 
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The ORIGINAL Fish Paper and still the most widely used: 


Peerless, according to Noah Webster, means 
“without equal.” Peerless Insulation was the first 
fish paper and has been accepted as the 
standard ever since. Motor and generator 
manufacturers and makers of electrical equip- 
ment find that strong, smooth Peerless Insulation Write for 16-page General 
meets their requirements fully. Constant research Catalog, Attention Dept. C-2. 
and rigid quality control assure these essential 

properties... 


Peerless Insulation is available 
in sheets, rolls and coils in all 
practical widths and _ thick- 
nesses from .004” to Ye". 


*High dielectric strengthe Bending strength with / 

or against the aaa s Excellent flexibility « NATIONAL 
Ample springiness ¢ Uniform thickness * Unusual 
mechanical strength © Outstanding toughness ¢ 
Light weight ¢ Superior forming qualities VILMINGTON 99, DELAWARE 


VULCANIZED FIBRE CO. 


ONLY NATIONAL MAKES PEERLESS INSULATION 


*National supplies standard forms or fabricated parts such as duct forms, armature slo | ners shers nsulation, arc shields and formed specialtie 
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3 Relay Types 
by FILTORS, IwNc. 


Now a Leader in the 
Sub-Miniature Relay Field 


NEW—DPDT SUB-MINIATURE 


Actual Size 
Engineered for Critical a 
Airborne and Guided . 
Missile Applications 


TYPE: M26F6 
CONTACT RATING 


2 A Res at 26.5 wade 
or 115 wae 


Olea 645 

Mtg. Ctrse.: 0.875 

Shock: 56 G 

Vibration: 10 G 
at 5 te 2000 cps 


Amb. Temp 


—Gis°C to + 125°C 
Weight 


1.3 oz 
eeeeseeoeoeee eee eee es 


NEW-LATCHING SUB-MINIATURE 


Magnetically Held— 6PDT 
Electrically Reset Actual Size 


UNBELIEVABLY SMALL 
FOR A 

LATCHING 

RELAY 


TYPE: L26F18 


CONTACT RATING: 


1A Res at 26.5 eZ 
vde or (115 vaeV 
Nena 
Mig. Ctrs.: 1.406 
Shock: 50 G6 
Vib.: 10 G at 5 to a 
00 eps ’ ' f y 
Amb. Temp 45°C ) [kp 
to +125°C 5d i . 
(Also available in ade, o 


2P0T and 4P0T) > 
Weight: 3.3 oz 


eeeeeeeeseeseeeeseee 
SUB-MINIATURE 4PDT 


The Smallest, 
Hermetically-Sealed 
4PDT Relay 
Available Today 

TYPE: 26SR12 
Mia. Ctrs 


1.406 
Shock 0G 


Actual Size 


Vib: (0G at 5 
te 500 eps 


Amb. Temp 45°C 
te 4 125°C 
4 y, 
Weight 26 of ip li , 
™ g, 
Kr 
in 


MIL SPECIFICATIONS 
All Made to MIL-R-5757B and MIL-R-25018 
(USAF 


DRY CIRCUIT RELAYS AVAILABLE 
IN PRODUCTION QUANTITIES 


w- 


Write Today For New Catalog Listing 
Sales & Engineering Office Nearest You 


FILTORS, INC. 


30 Sagamore Hill Drive 
Port Washington, L. I., N. Y. 


Canadian Office 
MJS ELECTRONIC SALES, LTD 
P.O. Box 240, Ajax, Ontario 
Tel.: EMpire 8.3806 


Export Office 
MAURICE |. PARISIER G CO 
1860 Broadway, New York 23, NY 
Cable Address 
MIPARISIER NEW YORK 


Abstract and Comment 


Preferred Circuits Program 


A STANDARDIZATION PROGRAM, under- 
taken for the Navy Bureau of Aero- 
nautics is seeking to determine those 
well-known circuit configurations that 
are common to a wide variety of elec- 
tronic differ 
unnecessarily in detail. Known as the 
NBS-BuAer Preferred Circuits Pro 
gram, this continuing investigation may 


devices, but which now 


result in important economies in criti- 
lead 
time, and by accelerating production 
It should 


services 


cal engineering man-hours, in 
military 
Simpli 
training: (2) de 


also provide the 


with means for: (1) 
fying maintenance 
signing simple “throwaway” units; (3) 
achieving improved operational reliabil 
ity: and (4) establishing design stand 
ard levels. The study is being carried 
out by J. He. Muney 
the engineering electronics laboatories 


of the National 
W ashington 


The overall circuit of much aeronau 


and associates of 


sureau of Standards. 


tical electronic equipment is extremely 


complex, hundreds or 


consisting of 
thousands of components connected by 
a maze of wires. It is a composite of 


many individual smaller 


circuits, most 
of which are used in different combina- 
tions in other equipment having other 
functions 
tical 


rectifier 


for example, most aeronau- 
electronic includes 
include 


timing circuits, and 


equipment 
circuits, and many 
amplifier circuits 
others. Some 


circuits in a complete 


piece of equipment are unique and 
especially designed for that particular 
equipment, but the great majority of 
device are of widely 
Such used subcir- 
cuits are the essential building blocks 


of the overall design 


circuits in any 
used types widely 
They are recog- 
nized as such in the “block diagram” 
language 

Little made to 
standardize exact circuit configurations 


attempt has been 
or component values. One of the great 
advantages of electronic techniques is 
the flexibility of the both 
during design and production, since an 
electronic 


circuits, 


assembly consists of many 


parts that may be rather easily re 
placed by others 
rally 
bility 
advantages. Preliminary 
by the Bureau of 


feasibility 


Engineers are natu- 
this flexi- 
compensating 


reluctant to surrender 
except for great 
consideration 
Aeronautics and a 
NBS showed that 


the standardization of circuits used in 


study by 


ieronautical electronic 


equipment 


should result in worthwhile advantages 
to both the military user and the in 
dustrial producer. 

To the military services standardiza 
tion means lower purchase prices, 
shorter delivery time, greater operating 
reliability, fewer spare parts at field 
installations and simpler maintenance 
procedures. For the producers, there is 
the prospect of economies in design 
and production engineering. Junior en- 
gineers, usually assigned the routine 
of designing or selecting these 
well-known circuits, will have their 
work facilitated, and this in turn will 


reduce the 


work 


burden of 
Production will bene 


supervisory 
senior engineers 
fit, from fewer 


designs and reduced 


inventories 


Feasibility Study 


The initial study, under 
1953. consisted of a detailed 


examination of 22 


feasibility 
taken in 
carefully selected 
items of aeronautical electronic equip 
ment. These included several different 
radar sets, an indicator assembly 
radio equipment, and others. The over 
all circuits were divided into functional 
subcircuits and then subjected to sys 
tematic analysis of the detailed circuit 
differences and of design parameters 
Considerable attention was given to 
establishing a common terminology, a- 
different equipment designers may use 
different 


the same circuit. 


widely names for essentially 

The results showed that the over-all 
circuits of the 22 equipments essentially) 
were made up of 60 circuit types. Al 
though the circuits falling within a 
given type were not identical, in many 
examination showed that these 
circuits were sufficiently similar in their 


cases 


more important aspects so that stand 
feasible. For ex 
ample. it was found that certain range 
marker generator 
identical for 


ardization would be 


circuits could be 
many of the radars and 
for other time-scale indicators. 

In expressing the extent to which a 
given 


over-all circuit is 


standardizable, it has become the prac- 


equipment 


tice to use the ratio of the number of 


tube cathodes in’ standardizable  por- 


tions of the circuit to the number of 


cathodes in the 


over-all circuit 


Cathodes are counted instead of entire 
tubes to avoid ambiguity resulting from 
such items as double triodes. On this 
basis. the feasibility study showed that 
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Relay Headers Ready for Assembly 


This newly developed Relay Header Assembly intro 
duces a new high in simplified production techniques 
by eliminating these costly steps: buying or producing 
square cover plates with studs attached; stamping the 


hole in the cover plate for the hermetically sealed Whatever the problem in mechanical assemblies, 


complex Relay Headers, Multi-Headers 
specially shaped to fit enclosures or cans, or Color- 
mounting the seal in the cover plate Coded Terminal Plates with studs attached—you’ll find 

To the manufacturer, this means a profit increase .. . the most economical solution to your assembly problem 
to the engineer, a new horizon in design simplification at HERMETIC, 


header; attaching and shaping pigtails; soldering o1 whether it be 
brazing the mounting bracket to the cover plate; 


.. to the purchasing agent, a reduction of orders placed Write for engineering assistance, data, prices and 
and attendant paper work ... to production control, a your FREE copy of “Encyclopedia Hermetica”—a handy, 


reduction of parts inventoried and stocked desk-top reference guide 


Hermetic Seal Products Company 


43, South 6th Street, Newark 7, New Jersey 


California Associate: Giass-Solder Engineering, Pasadena 


. AN D 
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90 to 70 per cent of the cathodes were 
standardizable 

The most promising field of standard 

ization was in the power supply circuits 

talk about which were considered to be standard 

izable in all of the equipments. It was 

also evident that the first step should 

custom be the reduction of the unreasonably 

large number of power supply voltages 

. For example, it was found that 20 

mo Ing... different nominal values could readily 
be reduced to four. 

In the preferred circuits program 
that followed, priority has been given 
to the most widely used and readily 
standardizable items. The work on any 
given circuit has required both theore 
tical and experimental studies of the 
known versions, so that a “least-com- 
mon-denominator” circuit can be estab- 


lished. The preferred circuit is usually 


chosen from one of the existing designs 


with required variations allowed by 
prescribed component value changes 
As a result, the circuit is capable of 
equalling the performance while avyoid- 
ing the faults of a large number of 
“original” versions. In no case were 
new circuits created 

The Bureau's preferred circuits are 
not offered as definitive solutions to the 
electronic design engineer's problems. 
However, the circuits so far published 
appear to be as good as those in com- 
mon use and to be « apable of definitely 
stated performance 

For further technical information, see 
Preferred Circuits Manual. Navy Aero 
nautical Electronic Equipment, NAVER 
16-1-519, published jointly by NBS and 
Navy Bureau of Aeronautics (in press) 


Government Printing Office. Washing 
If your parts can be molded in one ton 25, D. ¢ 


In } lastics too. , . the easiest answer 
is to surround your problem with 


“know how” and then hape it to fit 


Communications concern 
of the tried and true thermo-setting ing the NBS-BuAer preferred circuits 
plastics or the newer fluoro-carbons program should be addressed to the 
TS SP ae Ty Office of Technical Information. Na 
tional Bureau of Standards. Washing- 
Kurz-Kasch can bend “know how ton 25. D. C 
like a pretzel and come up with 
dependable custom-molding. Name 
the vice you need designing 


iking, production run it's 


ll under one roof. . . at Kurz-Kasch 1956 Outlook Promising 


And talk about pretzels here 


Deut healed ener babweels Says General Electric Head 


help straighten you out. Let 
: K BUSINESS GENERALLY SHOULD SHOW 
talk it over, O ; 
GAINS of from 4 to 6 per cent, with 
unemployment continuing at a mini- 


mum during 1956, according to Ralph 


J. Cordiner, president of General Elec- 
BRANCH SALES OFFICES 7= 


tric Co. in a year-end press conterence, 
SPECIALISTS IN THERMO-SETTING PLASTICS FOR 40 YEARS ST a ee ee oe ompany ex- 


New York, Mt. Vernon MO 4-4866 pects an increased volume of shipments 


Rochester Hillside 0626 in 1956 of from 10 to 15 per cent, or 
Chicago Merrimac 7-1830 more than $3 billion. Sales of General 
a emhinie ssinen ; oon 27 as Electric for the first nine months of 
Dallas Logan 5234 1955 were 4 per cent above the same 


San Gabriel, Cal Atlantic 7-9633 


period in 1954 and the 12-month period 
St. Louis Parkview 5-9577 1415 S$. BROADWAY, DAYTON 1, OHIO should approat h the record 1953 sales 
Atlanta Exchange 5516 


T to, Can Riverdale 3511 volume, Mr. Cordiner predicted. 
oronto, a ‘ 2 
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FLEXLOC Micro locknuts meet designers’ needs for tiny precision nuts that retain 


in the smallest assemblies —servomechanisms, electronic and electrical equipment 


trength and holding power 


all miniature devices 


Design Lighter, More Compact Products 
with New Fiex.oc Micro Nuts 


Standard Miniature Locknuts Permit Design Engineers to Develop and Fasten Smaller Assemblies Safely 


New Fiextoc Micro locknuts are smaller and 


Across Flats Shoulder Height Across Height lighter than regular FLextocs of the same 


Corners 
+ 000 


nominal diameter. Wrenches of smaller size 
MAX MIN MAX —.003 


P| are used to install them. Mating joints o1 

flanges can be designed smaller—with no loss 

in strength or convenience of assembly. 

1-64NC-3B| .127 | .12: | 0635 | 090 Fiextoc Micros have all the advantages of larger FLextoc: 
| | One-piece, all-metal construction—nothing to put together, 





0-80 NF-3B; .111 | .047 | .075 


-72 NF-3B| . ; 090 come apart, lose or forget. Use them as lock or stop nuts 
Be they stay put anywhere on a threaded member as soon as the 
-56NC-3B| . 105 locking threads are fully engaged. Uniform locking torques 
64 NF-3B\ | 105 insure accurate preloading. There are no nonmetallic inserts 
| to pop out or deteriorate Moisture, dryness, oil temperatures 
-48NC-3B/ . Be a | .120 to 250°F won't affect these Micro nuts. Just screw them on 


They lock and stay locked. Vibration won't shake them loose 
For complete information on FLexLoc Micro locknuts, 


40 NC-3B 120 consult your authorized SPS distributor. Or write STANDARD 
: “ ; ; .” ; Pressed Steet Co., Jenkintown 9, Pa 


-56 NF-3B | 120 





-48 NF-3B| . - ¥ E 120 


STANDARD PRESSED STEEL CO. 





STANDARD FLEXLOC Micros—in sizes ranging from 0-80 to 4-48 FLEXLOC LOCKNUT DIVISION 


are available in brass (either plain or cadmium plated). Consult 





SPS for miniature nuts of other conventional materials. 


JENKINTOWN PENNSYLVANIA 
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Fansteel 


PENDABLE! 


Continuous operation at 
100°C requires no derating 
whatever in the output of 
Fansteel High-Temp Selenium 
Rectifiers. They were 
developed to deliver full 

rated power output up to this 
specified ambient temperature. 
And at higher temperatures, 
up to 150°C (302°F), only 
moderate derating is required. 


All standard cell sizes and 
circuit arrangements are 
readily available. The table 
at left indicates only a partial 
list of over 100,000 types. 
And all Fansteel High 
Temperature Selenium 
Rectifiers are available with 
standard protective finishes 
that resist moisture, fungus 
or salt spray, the latter 


meeting MIL specifications. 


Send for 
bulletin 6.401 


FANSTEEL METALLURGICAL CORPORATION, 


North Chicago, Ilinois, U.S.A 


REG TIF LER S 


SINDE 1924 


The actual pace of next year’s busi- 
ness will depend in large measure 
on the raw material supply picture. 
Most steel, copper and aluminum ex- 
pansion progress will not provide for 
the capacities needed until 1958. Mr. 
Cordiner predicted a_ possible _ still 
tighter labor supply situation, with the 
working population growing at a far 
slower rate than economic activity in 
general. He saw the radically different 
family-income situation that prevails 
today as against a few years ago as 
one of the bulwarks of prosperity, and 
he likes it. 

Since World War II, General Electris 
has been engaged in an extensive pro- 
gram of modernization and expansion 
In the last ten years the company has 
been basically rebuilt. Emphasis has 
been on research and development labo- 
ratories, modernization and relocation 
of facilities to serve their markets bet- 
ter. Investment in modernized plants 
and expansion will reach a new record 
high of $175,000,000 in 1956 and the 
total expenditures for the next three 
years will be approximately half a 
billion dollars. This compares with 
about $465,000.000 in the past three 
years. 

Mr. Cordiner sees nothing on the 
political or economic horizon (barring 
a major war) to alter previous fore 
casts of continuing growth for the 
economy as a whole and a need for 
the electrical industry to continue its 
rate of doubling every ten years. In 
1945 an ambitious goal was established 
of increasing the kilowatt-hours per 
man-hour used in American industry 
from an average of 4.7 kw-hr to 10 by 
1955. This goal has been substantially 
achieved with a record of 9.7 kw-hr 
per man-hour in 1955. A new goal of 
attaining 20 kw-hr per man-hour in ten 
years has now been established. Mr. 
Cordiner indicated that industrial em- 
ployees on the average used 17,800 
kw-hr last year, as compared to 8600 
kw-hr in 1939 ( O 


New Welding Alloy Fluxes 


A NEW LINE OF AGGLOMERATED FLUXES 
for automatic submerged arc welding of 
low alloy steels (less than 6 per cent 
alloy) has been developed by The 
Lincoln Electric Company, Cleveland 
17. Heart of the new approach is an 
alloy flux containing alloying elements 
individually compounded for each ap- 
plication. The fluxes can be used with 
mild steel electrodes and can be com- 
pounded to produce alloys containing 
varying amounts of chromium, moly- 
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UNIQUE SOLUTION TO DIFFICULT INSTALLATIONS! 


a 
Universally ieteeiieliien 


SHIELDING’S MULTI-CELL’ ENCLOSURE 


Designed and developed by Shielding engineers, here's installation versatility never 
before offered in any type of shielding room! FAST 


Featuring completely interchangeable standard panels of either solid and/or mesh SCREWDRIVER 
construction, this Multi-Cell® Enclosure makes installation a snap...and no special ERECTION 
tools are required either! Erection poses no problem as this versatile enclosure can be 
fastened from the inside or outside, by use of a single screw driver! 


Other engineered-design features include: (1) Modular panel construction of single 
or double shielding thickness; (2) Standard door installation in any wall position to 
swing left or right, in or out; (3) Composite enclosures constructed 
in combinations of 40 or 48 inch wide panels; (4) Choice of cell or MESH OR SOLID 
isolated enclosure. SCREENING 
Supplying attenuation characteristics to meet any demand, all 
Shielding Enclosures have passed all applicable military tests—con- 


= proof that Shielding has the answer to your RF Suppression ge we meustues emacs 
prosrems, = : FOR FILTER PANEL 
Write today for illustrated booklet. 


SHIELDING, inc! 


Dept. M-1 @ Box 217 © RIVERSIDE, NEW JERSEY fag] “THE TALENT TO CREATE — THE SKILL TO PRODUCE” 


®) 


IN CHICAGO, R. W. STEMM @ IN CANADA, MJS SALES LTD 
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the solution to your 


SPRING PROBLEMS << 


is in our Files 


Our files are literally bulging with the solutions 
to tough spring problems. Chances are, the exact 
solution to your partic ular problem is among 
them. If it isn't, you can be sure our experienced 
Spring Engineers will arrive at it in short order 
Over the years they've turned their hand to the 
solution of some classic toughies. And over 

the years, Lewis’ facilities, experience and 
reputation have combined to provide you with a 
dependable source for the exact spring for 


the job at the lowest possible cost. 


SRCTIVE Cons.) DEFLECTION 


ry 


SPRING a 
PROBLEM 
SOLUTIONS 


Looking for the solution to a spring problem? Send us draw- 


ings, specifications or samples today. No obligation, of course. 


LEWIS SPRING & MANUFACTURING CO. 


2646 W. NORTH AVE CHICAGO 47, ILL 


P88! is io 8 


The Finest Light Springs and Wireforms of Every Type and Material 





bdenum, vanadium and nickel. Typical 
applications include welding of chrome- 
moly pipe for high temperature serv- 
ice; steels such as ASTM A335-53, 
alloys P-2, P-3, P-3b, P-11, P-12, P-21 
and P-22; ASTM A301-53, grades A 
and B: and some of the newer high- 
strength alioy steels. The fluxes can 
also be used to produce an alloy de- 
posit that will respond to heat treat- 
ment to produce the same hardness or 
tensile strength as the base metal. In 
addition, weld dilution, when using 
alloy electrodes, can be controlled by 
compensating alloys used in the flux. 

Addition of alloys to the weld deposit 
through the flux rather than through 
the wire is said to have several advan- 
tages. The agglomeration process, by 
which the fluxes are made, permits 
precise control of flux analysis to meet 
specialized applications. Also, the fluxes 
can be made both economically and 
quickly in large or small quantities 
not always the case when using alloy 
wire. A further advantage is that small 
changes in deposit analysis can be made 
through welding procedure control, 
without changing either the flux or wire 
composition 


Automatic Broadcast System 


AUTOMATIC PROGRAMMING EQUIPMENT 
for broadcast stations which recently 
underwent a 6-week field test at sta- 
tion KEEN in San Jose, Calif. can 
broadcast more than 10 hr without 
human assistance. The system was de 
signed by Ampex Corporation and it 
consists of two interlocked tape play 
back units. One unit is capable of 
playing 8 hr of recorded material from 
a single tape and the other unit will 
play up to 4 hr. On the first unit is 
placed program material, either from 
the station’s library or from a tran 
scription service. Spot announcements 
local programs and station breaks are 
recorded daily in the station’s own 
studio and placed on the second ma 
chine 

After each segment of program mate 
rial and after each local announce 
ment, a sub-audible tone is recorded 
At the end of a program segment, this 
tone starts the announcement machine 
After the announcement, another tone 
starts the program. This see-saw action 
continues until, at each half-hour, a 
timing device corrects for any slight 
time deviation in the system and inserts 
a station break. 

The system has a number of advan- 
tages. For instance, the duty announcer 
can devote himself solely to the prepa- 
ration of newscasts without interrupting 
his train of thought whenever an an- 
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This Army of Specials Marches to Save You Money 


Here are a few of the many specials produced by Harper to save industry 
money—to do a better job. 


1. Copper Contact 
2. Copper Lead 
Many used to be milled from bar but Harper engineers and metallurgists 3. Brass Hi-torque Brake Band Bolt 
developed methods of cold-forming them with these results: 4. Aluminum Hex Head Air 
I ? ' ‘ Pressure Bolt 
e Important savings in cos s 
i . ; B . Silicon Bronze Transformer 

e Faster production 


Adjusting Screw 
e No metal wasted 


: , . Silicon Bronze Terminal 
e Usually a cleaner, stronger, better finished product ical Renal Cie Ui 
If you are using parts like these of any metal other than plain steel in . Silicon Bronze Molded Plastic 
quantity, it will pay you to check with Harper no matter how you are Insert 
producing them. - Stainless Steel Pocusing Screw 

Remember also that Harper is the largest manufacturer specializing in » Stainless Steel Hinge Pin 
standard bolts, nuts, screws, washers and rivets of all non-ferrous metals - Brass Hold-down Screw 
and stainless steel. Stocks available in every market area for immediate - Brass Terminal Block Screw 
delivery. Check the Harper branch or distributor near you. - Monel Eye Bolt 

THE H. M. HARPER COMPANY - Copper Conductor Pin 
8204 Lehigh Avenue, Morton Grove, III. - Stainless Steel Hex Head Stem 


Bolt 
Specialists in all corrosion-resistant fastenings 
Bolts « Nuts ¢ Screws ¢ Rivets « Washers 


\ieck aro Wey HARPER Ip 


“over 7000 ITEMS IN STOCK...HARPER DISTRIBUTORS EVERYWHERE EVERLASTING FASTEMINGS 
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nouncement has to be made. Also, the 
q pe voices of two or three announcers can 
be used to add variety. The more effi- 

WENTNT TY ATTT cient use of personnel is expected to 

be attractive to station operators. 

NU To hae 5 Program quality can be greatly in- 
creased by the use of the system, ac- 
cording to Ampex engineers. Since the 
equipment can be located right at the 
transmitter, limitations on fidelity im- 
posed by telephone line connections 
between studio and transmitter are 
removed. Announcer “flubs” can be 


bd eliminated by editing out of tape re- 
Fe ed i corded material. 00° 


Aerial Camera Control System 


Cameras for photographing the 
ground from high speed aircraft must 
be compensated for ground speed and 
altitude to be certain of sharp images 
A modular-packaged control, which 
operates one or more cameras and 
which incorporates the features of a 
manually preset control as well as 
over-ride by a human operator, is in 
use by the U. S. Air Force. The system 
was designed by the Bill Jack Scientific 
Instrument Co. of Solana Beach, Calif. 

Nucleus of the system is a series of 
d-c analog computers. There is motion 
of the photographic image due to 
movement of the terrain relative to 
the aircraft. Therefore, to eliminate 
blur in the photographs due to this 
image motion, the film must be moved 

Completely automatic mechanical operation - the same speed as the image. 
This movement of the film is known 
as Image Motion Compensation (IMC). 
The speed of film motion is affected 
by the aircraft ground speed, altitude ‘ 
Insulates 3 stator slots every second above the terrain, the focal length of 


Uses any standard insulation paper 


Adjusts to paper width, stator diameter and 
number of slots in seconds 


LQUENCE 1 . 
AUTOMATK Adaptable to any stator from '4 to 20 h p the lens, and angle of depression 


PERATION in a Maximum of 5 minutes which is the angle that the optical axis 


Special skip index feature AV ullable of camera is set below the horizon. . 


> maste l ere are 
automatically leaves pre determined slots In the master control anit th : : 


potentiometers, with dials calibrated in 
uninsulated 

ground speed and altitude, which give 
d-c output voltage proportional to the 


ip Geen tee ratio of ground speed te altitude. This 


hor Complete Information and voltage can also be obtained from auto- 


, , atic ts when desired. In the com- 
Price Ouotations—W rite, Weir a oe eae : 
pe puter unit for each camera there is a 


Cuffs formed on 
both edges of strip 


J > 
Insulation segment or Phone... potentiometer with the dial calibrated 


cut off and formed in focal length and depression angle. 
Its output is a d-c voltage inversely 
proportional to the product of the focal 
length and the sine of depression angle 


Segment ted T . 

and “ ay ” These d-c outputs are fed into a com- 

mio stator sio ; 
puter and, by means of a servo ampli- 


fier and three ganged motor-driven 
ee to Peete) Td : ihe: 
uated potentiometers, a voltage is computed 


Stator indexed and which is proportional to the required 
cycle repeated Dh Image Motion Compensation speed. 


until all slots insu ei eae eT This voltage is then fed to a d-c 


wee anteninsnvie power amplifier. This amplifier is part 


of a closed velocity servo loop whi h 
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ermally Similar 


RESISTOR ASSEMBLIES BY 
CLAROSTAT 


CLAROSTAT 


CONTROLS AND RESISTORS 
CLAROSTAT MFG. CO. INC., DOVER, NEW HAMPSHIRE 


In Canada: Canadian Marconi Co., Ltd., Toronto 17, Ont. Manufactured under 
license in Great Britain by A. B. Metal Products Ltd., 17 Stratton St., London W.1, 


Concessionaires for British Commonwealth except Canada 
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HYCOR 
a Le 
MAGNETIC 


= | 


ad * 
Only 1 watt of power 
required... 


to develop 15 oz. in. of torque 
with a response time of 5 milli 
seconds. Only two moving parts 
which eliminate all maintenance 
problems 

Minimum dimensions (only 
1” o.d.) facilitate their use in 
compact assemblies. Extremely 
low cost enables designers to 
utilize the benefits of multiple 
clutching in inexpensive elec 


tronic equipment 


Send for 
Bulletin C-1 
for complete details 


ll be plea ed to 
specia le kn 


applicati ns 


Representatives in principal cities 


12970 Bradiey Avenue Calif 


Syimar 16 


| 





controls the 


speed of the film drive 
A d-c tachometer 
supplies the feedback voltage 

The parameters of depression angle 
focal 


manual adjustments 
altitude 


motor in the camera. 


and Jens length are 
The 
may be 


The 


obtained 


pre-flight 
velocity and 
adjustments made 
flight 


used is 


manually informa 


the 


during 
tion to be from 


aircraft's navigational instruments 
When it can be achieved, the ground 
peed and altitude information may be 
obtained 
called 
This Is 


and 


from a_ unit 
Velocity Detector. 


a4 unit consisting of two lenses 


automatically 
the Image 
two photocells so arranged that 
it produces a signal whose frequency 
is proportional to the ratio of ground 
speed to altitude. This 


fed to the unit 


frequency is 


converter which 


con 
verts it to a d-c voltage proportional 
to the ratio of ground speed to alti- 
tude. It is fed into the 
instead of output of the manually 
set ground speed and altitude dials 

A second the 


camera iris opening and shutter speed 


then 
the 


computer 


computer controls 


as a function of brightness of the ter- 
the film the 


control unit is a potentiometer 
the dial 
speeds and f 


rain and sensitivity. In 
master 


with shutter 


calibrated in 
the 


there is a 


stops. In computer 


dial 
Voltage 


unit for each camera 


film 


outputs (d-c) from these potentiometers 


calibrated in sensitivity 


are fed to a computer consisting of 


ganged 
The 
rit 


a servo amplifier and three 


motor-driven out 


potentiometers 
put voltage of the computer is fed to 
an additional amplifier. This 


amplifier is part of a closed positional 


servo 


ervo loop which controlls a 
the 


motor in 
the 
opening 


camera for positioning either 


shutter the 


mechanism and a potentiometer for 
the feedback The 


sensitivity dial for camera 


manual 


supplying 
filrn 


voltage 
each 
preflight adjustment 

The light intensity dial on the master 
the 


conventional ex 


control can be set manually using 


information from a 
posure meter For 
the light intensity is 


unit called the 


automatic operation, 
measured by a 
Terrain Light Detector 
This unit consists basically of a photo 
cell and a servo system which positions 
that the 
output voltage required by the exposure 
This fed to the 
computer instead of the output voltage 
of the 

For 


loop 


a potentiometer will give 


computer voltage is 


master control potentiometer 


there is a closed 
the 


cam operated 


eat h camera 


velocity servo in computer 


unit which operates a 
switch at 


IM¢ 


a speed proportional to the 
his 
the 


speed 
called 


Intervalometer 


motor-driven switch 


Automatic Overlap 


generates camera trip- 


ping pulses at a rate consistent with 


image motion compensation 


kor night photographs 


photoflash 


cartridges are dropped from the air 


THE COMPLETE LINE 
OF WIRE CONNECTORS 


BAKELITE 
“SCREW-ON” 
CONNECTORS 


“He, CERAMIC 
“SCREW-ON” 


CONNECTORS 


BAKELITE 
SET-SCREW 
CONNECTORS 


fy 


Hi offers the complete, 
able line of wire connectors sizes in 
Bakelite ond Ceramic. Around-the-clock pro 
duction keeps our and your cost down! 


Hi WIRE STRIPPERS 


NEW “Hi-SPEED’ MODEL 


qy 


most most depend 


Twelve 


Fully 


Single squeeze of 


automat 


the handles re- 
moves insulation 
and keeps jaws 
open until stripped 


wire is removed 


Perfect balance for 
tireless stripping 
by men and wom 
en alike. Made to 
fit the palm of 
your hand. Sever 
sizes for all wire 


stripping needs 


Write for 
NEW 32-Page 
catalog 


HOLUB INDUSTRIES. Inc. 


445 ELM STREET SYCAMORE, ILL 
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Special Formulas * Modern Process 
enable the matching of properties 
to applications 


de 


478300: 119 
> PORCELAINS 


Se | 
| 
wa 


. RANGE OF PROPERTIES* 
= an os ree ae = —— OF DRY PROCESS 
made” electrical insulation—yet affor e economie 
mass production. ELECTRICAL PORCELAINS 
Both physical and dielectric properties may be con 
trolled in order to meet the requirements of the application 
This is done by varying the proportions of the ingredients 
used—-the various clay blends, flint and feldspar—and by 
rigid control of the molding and kiln firing processes. 
This flexibility of Electrical Porcelains is demonstrated 
in the wide range of applications which require high 
dielectric and compressive strength, combined with resist 
ance to thermal shock, moisture, chemicals and acid 


fumes. Arcing over Electrical Porcelain leaves no carbon 
tracks Flexural Strength, 4,000 to 6,000 


Specific Gravity 2.3 to 2.5 
Moisture Absorption, per cent 1.0 to 14.0 
Tensile Strength, 1,000 to 2,000 


Compressive Strength, 30,000 to 50,000 


Any of the firms listed below will be pleased to recom 
mend a porcelain formula to suit your individual speci Impact Strength, ft-lbs/sq 1.0 to 2.5 
fications. 
Softening Temperature, deg F 2,700 to 2,900 
Sponsored by these members of the 
DRY PROCESS ELECTRICAL PORCELAIN SECTION Coefficient of Thermal 


Expansion per deg C 3.0 to 45 
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 


x 10-6 

THE AKRON PORCELAIN CO. 3000 commy ave. Aknow 14 On10 
Dielectric Strength It 

THE CERAMIC SPECIALTIES CO. aaa west sixtw stmeet cast LiverPoo. ono — rength, volts/mil 40 to 100 
THE COLONIAL INSULATOR CO. 937 Garant street anon tt onto 
KNOX PORCELAIN CORP. xwoxvicce +. Tenn 

* These mechanical and electrical 
NEW JERSEY PORCELAIN CO. wew vorn ave ano PLUM ST TRENTOW 3 wy 
PORCELAIN PRODUCTS. INC. wesr sawousxy stmeet Fimo.ay omio of variations as produced by 


THE UNIVERSAL CLAY PRODUCTS CO iso: © rimsr steeer samousny Onio different formulae 


values represent normal range 


THE PERMAN EWN T ee eee ee le a ee ee 
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PU eR CU ih 


hms) (3 
Tet fee) 
magnetizing? 


A closed circuit magnet exists when 
the magnet Is magnetized im itS as- 
sembly of soft iron or other magnetic 
materials and is not removed later 
Normally, there is a specified air gap 
he chart illustrates the demagneti 
vation curve for Alnico permanent 
magnet material 

To illustrate the advantage of map 
netizing the complete circuit after 
assembly, let’s use an example: The 
magnet is to be assembled with 
pole pieces . If the magnet is 
charged before assembly, it will op 
erate at point Bd, on the curve When 
the poles are placed on this satur 
ated magnet , it will move up a 
minor hysteresis loop to point Bd., 


resulting in Bm, flux density. How 


SPECIALISTS IN MAGNETIC MATERIALS 


Permanent Magnets 


Laminations 


Hm 


OERSTEDS 


ever, if the entire circuit is magne- 
tized after assembly, it will operate at 
point Bd with Bm flux density, or a 
100% increase in flux density in this 
example. The percentage of increase 
is a function of the gap length and 
areca 

This is a very brief ¢ xplanation of 
a basic design problem. For a detailed 
discussion of this and other design 
considerations, we suggest our De- 
sign Bulletin #151. The Thomas & 
Skinner research and engineering 
staffs are at your dis posal wee the 
today for engi 
neering assistance 
in the design of 
your magnetic ap- 


plu ations. 


. and Wound Cores Hi 


Thomas & Skinner, Inc. 


1114 East 23rd Street, Indianapolis 7, Ind. 


plane at manually pre-set intervals 
Each cartridge is fused to provide a 
flash of light at a predetermined time 
after it is dropped. Each time a car- 
tridge is dropped, a pulse is sent to 
the Memory Delay Unit. Each pulse is 
recorded and a short time before the 
cartridge is fused to burst, a pulse is 
sent from the Memory Delay to each 
camera to open the shutter. When the 
cartridge flashes, a pulse from a photo 
cell unit sends a pulse to the camera 
to close the shutter and cycle the film 
In the event the bomb fails to burst 
a second pulse from the memory delay 
unit is sent to the camera to close the 
shutter and cycle the film. O <¢ 


Are the Russians Outstripping 
US in Engineering 
and Science? 


In five years our lead in the training of 
scientists and engineers may be wiped 
out and in ten years we could be 
hopelessly outstripped by the Russians 
So said Lewis L. Strauss, chairman 
U. S. Atomic Energy Commission, be- 
fore the Thomas A. Edison Foundation 
Institute at West Orange, N. J., in 
November. 

At present, we are about even with 
or perhaps slightly ahead of the Soviets 
in numbers of trained scientists and 
engineers—about one million in each 
country. At the moment we probably 
have more top-notch men than they 
have, since about half of those pres 
ently at work in the Soviet Union were 
trained under inferior prewar stand 
ards. However, last year Russia is esti 
mated to have produced as many doctors 
of science as we did. 

Russia has some 520,000 graduate 
engineers. We presently have a some 
what larger number of graduates, but 
this is more than offset by the fact 
that only 65 per cent of our engineers 
are actually working at their profes 
sions 

We require from 45,000 to 50,000 
new trained engineers every year. We 
are getting half that number. Last 
June’s crop was around 23,000. Russia 
at the same time, produced 53,000 new 
engineers and is expected to substanti 
ally increase that number next year 
She is graduating 120,000 new scien 
tists and engineers of all types this 
year, which compares with our total 
of 70,000 graduates 

Between 1950 and 1960, Russia is 
expected to produce 1,200,000 trained 
engineers and scientists, against our 
900 000 

In the face of figures such as these, 
we cannot take refuge in thinking that 
this Soviet crop is of an inferior, mass 
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cable 
owerchargers? 


Superior design, engineering and workmanship . . . plus finest materials. 
That's why Fox Powerchargers give outstanding performance ... why they 
are the choice not only of independent operators, but also of many major 
oil companies. 


For wiring and cable, Fox Products Company depends on Carol, Over the 
years, they have found that Carol Cables exceed their own rigid speci- 
fications . . . are delivered on schedule. Carol quality is one good reason 


why Fox Powerchargers are in national demand. 


And Carol Cable can do as much for your product. All wire and cable is 
manufactured in our completely integrated wire-making plant. Every step, 
from drawing of wire to compounding of insulation is carried out under one 


responsibility and strictest laboratory control. 


It's more than likely that you'll find the cable you want in the complete 
Carol line. If not, we'll be glad to make it to your individual specifications. 
And don't forget—Carol Cables are top quality ... delivered on prompt 
schedule ... and priced right. Find out today how we can help you 


CAROL CABLE COMPANY DIVISION OF THE CRESCENT COMPANY, INC., PAWTUCKET, RHODE ISLAND 


Serving industry for over 30 years 


Penn-lexas 


erry 
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“We think of this Paper 
as Insulation Insurance’ 


For many a year, many a big name in small motors, 
generators, transformers and other electrical equipment 


has looked to H & V for dependable insulating papers. 


Reasons Why: 


Strong — these papers stand abuse 
High dielectric strength 


Good drawing characteristics 


(good cuffing properties without splitting) 


Strictly neutral PH — for maximum service at 


high temperatures 


Service that makes and keeps friends 


Let us know your requirements. 


HOLLINGSWORTH & VOSE COMPANY 


East Walpole, Massachusetts 


Manufacturers of Technical and Industrial Papers 


production grade, or that they cannot 
maintain their high rate of output. 

More than half of all Russian uni 
versity graduates are in the science 
mathematics field; only one-fifth of 
our graduates are in those fields 
Russian Ph.d’s, or the equivalent, ar 
three to one in favor of science and 
engineering; in the United States the 
ratio is just the reverse. 

Where is the answer to this challenge 
to be found? Our colleges and uni- 
versities cannot create the candidates 
for these posts without the human 
material to start with. Unfortunately, 
only about 16 per cent of the high 
school graduates entering college last 
year enrolled in engineering courses 
or about 66,000 of them. But attrition, 
on the basis of our experience, will 
take a heavy toll. More than half of 
these 66,000 young hopefuls will flunk 
out along the way, or switch to other 
courses. Ask the deans of our engineer- 
ing schools for the reason and a com 
posite of their answer is:——‘‘poor high 
school preparation in’ science and 
mathematics.” 

Large numbers of our high school 
students have no opportunity to dis 
cover whether science and engineering 
appeals to them, because preparatory 
courses are not available, or often are 
taught by instructors whose interests 
lie in other subjects. Since there are 
not enough trained teachers to go 
around, the alternative becomes one 
of using unqualified teachers, or aban 


doning those courses 


Chain Reaction in Reverse 


The problem becomes a chain re 
action in reverse. Fewer high school 
courses in math and science mean fewer 
college students of science and engi 
neering, and fewer graduates. And 
fewer graduates mean fewer persons 
with either the inclinations or equip 
ment to teach science and mathematics 
in the high schools. Furthermore, a 
graduate scientist or engineer cannot 
reasonably be expec ted to choose a 
teaching career at a low salary when 
he has the option of a number of bet 
ter paying jobs elsewhere 

The number of qualified teachers of 
science and mathematics has fallen off 
about 53 per cent in the past five years 
while the high school student body has 
increased 16 per cent 

In Russian high schools, of the study 
courses which every student must take, 
1) per cent are in science and mathe- 
matics. Young Ivan goes to school six 
days a week and by the time he com- 
pletes high school he has had six years 
of biology, five years of physics, four 
years of chemistry and four years of 
mathematics 

More than half of our high schools 
do not teach physics at all. Half of 


our high schools do not teach chemistry 
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THis FREE BOOKLET can cur 
YOUR METALWORKING COSTS 


@ Here are 64 pages of information you'll prof- 
itably use year after year! They contain the 
straight facts about all the easily-machined 
Chase brass, copper and bronze alloys. 


“CHASE FREE-CUTIVING BRASS, BRONZE, 
COPPER” will help you select the alloys best 
suited to make your products faster, better, and 


Chase: 


BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


The Nation’s Headquarters for Brass & Copper 


Atlante Chicago Denver Indianapolis M nneapol's 

Baltunore Cincinnat) Detroit Kansas City, Me Newark Pittsburgh 

beston Cleveland Grand Rapids Los Angeles New (rieans Providence 

Charlotte Dallas Heuston Milwaukee New York Rock= ster 
St. Lows San Francsce Seattle Waterbury 


Philadelphia 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


at lower cost! Data tables enable you to order ex 
actly the amount of rod, bar, tube or sheet to do 
any given job. 

SEE CHASE'S NEWEST MOVIE, TOO! “In 
The Chips” gives a demonstration of copper and 
its alloys in use. It was produced specifically for 
manufacturers of screw machine products 


The booklet is free! Movie showing is free, too! Send for them today! 


CHASE BRASS & COPPER CO 
WATERBURY 20, CONNECTICUT 


EM.256 a 


Gentlemen: [| Please send me your free booklet: 
CHASE FREE-CUTTING BRASS, BRONZE, COPPER” 
[_} | would also like to see the movie, “In the Chips’ 


NAME 
POSITION 
FIRM 
STREET 


city STATE 
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No. 3829 


EPOXY 


BAKING VARNISH 


rmo Setting 


THE BORTHIG CHEMISTS have now pro- 
duced an ELECTRICAL INSULATING 
VARNISH using the EPOXY RESINS 

NO. 3829 EPOXY BAKING VARNISH is 
a CLEAR THERMO SETTING BAKING 
VARNISH which requires no activator and 
cures entirely by heat induced polymeriza 
tion. It fits into your present BAKING 


Also CYCLES 


NO Bz 29 has .e) od stability in the dip tank 


100% SOLID: GOK and the cured film offers |O0 longer heat 
COMPOUNDS life than the better grade CLASS B phe 
for embedding nolies tot 155°C.) 

electrical windings 

ond AIR DRYING 
AND BAKING 
EPOXIES for 


surface applications 


Laboratory tests show higher value: for ad 
hesion, wet and dry dielectric, bonding and 
orrosion resistance at higher temperatures 
It is recommended for those motors and 
transformers that are made to meet tough 
conditions of operation 

Detailed information available upon re 
quest, write us or contact a Borthig Agent 





What to do about the situation? For 
the short range Mr. Strauss asks the 
professional societies to undertake to 
popularize a plan whereby every en- 
gineer and scientist in the country 
would volunteer to conduct classes in 
physics, chemistry and mathematics in 
our secondary schools for a few hours 
each month during the school year 
If this procedure were to be generally 
followed, the number of science-quali- 
fied entrants to our college system 
would make an appreciable change in 
the alarming figures now confronting 
us. 

For the longer range problem, Mr 
Strauss proposed that the colleges rec- 
ognize the gravity of the threat we face 
and make a certain minimum of credits 
in physics and chemistry a _ require- 
ment for enrollment. If their graduates 
had to have science to qualify for col 
lege admission, the local communities 
would insist that their school boards 
furnish it and if that meant paying a 
proper salary to science teachers to 
secure them, the means would be found 
The costs at the local level will be less 
than if the funds have to be collected 
through federal taxation and then fed 
back to the localities with all the cost 
of collection and federal administration 
added. O00 


Subminiature Gyro Has 
Fluid Suspension System 


A subminiature gyro compass, de 
signed for use in a wide range of 
military equipment, including tanks and 
road vehicles, has recently been devel- 
oped by the American Bosch Arma 
Corporation, Garden City, N. Y. De 
velopment of the gyro compass, under- 
taken in cooperation with the U. S 
Army Corps of Engineers, was pri- 
marily directed toward removing the 
inherent size and weight limitations of 
this instrument and freeing it for more 
universal military applications. In its 
airborne version the unit has a total 
weight of only 22 tb—18 lb for the 
complete gyro unit and 4 lb for the 
control unit. It is fully containable in 
a 10% in. cube. 

Heart of the compass is a spherical 
gyro unit and a gimbal ring which is 
suspended in neutral buoyancy in a 
high density fluid. Centering is ob- 
tained through frictionless members 
through which control torques are ap- 
plied. The small, trouble-free assembly 
does away with gimbal bearings, and 
eliminates torque motors and their as 
sociated amplifiers, and results in a 
system which is insensitive to wide vari- 
ations in voltage and frequency. The 
immunity to shock offered by the fluid 
suspension system also protects it from 
handling and storage damage. 

Standard synchros in the compass 
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WHAT'S 
POWER ? 
SILICON > SELENIUM 


@ - 2 > 


Sarkes Tarzian area type Silicon Recti- 
fiers are ideal for use in many military 
and commercial equipments where high 
operating temperatures or small size are 
important factors. Sarkes Tarzian Silicon 


Sarkes Tarzian Selenium Rectifiers will 
meet all application requirements § in 


Radio, Television, and all types of elec- 
Rectifiers cover a complete range of rat- 


ings from 50 to 1000 volts and 500 milli- 
amperes to 25 amperes in single half 


wave units. Temperature range is from 


— 55°C to 150 C. 


tronic and commercial equipments. Sarkes 
Tarzian High Temperature Selenium Rec- 
tifiers are capable of operating at 150°C 
without derating. A complete range of 


ratings is available. 


NOW 


Sarkes Tarzian can supply any and all your needs on 
power applications. Write for complete information. 


RECTIFIER DIVISION 


DEPT. M-1,415 NORTH COLLEGE AVENUE, BLOOMINGTON, INDIANA 
In Canada: 700 Weston Rd., Toronto 9, Tel. Murray 7535 © Export: Ad Auriema, Inc., New York City 
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unit transmit heading information to 


the repeaters. These same synchros 
a CG LA S$ S¢ A p aa can also supply heading information 
to other equipment used for automatic 
steering. The compass is small enough 


the Plastic Film Dielectric | to aioe its being wet in the place of 


usual helmsman’s steering repeater. 

APA i | ORS--- Repeaters may be mounted wherever 

required for observation. The compass 

with ALL the is almost completely automatic in 
operation, requiring only starting and 

Advantages of: stopping by the operator whose train- 


, : ing involves nothing more than follow- 
¥ Glass Container 


Design 
Smaller Volume 
Easier to Mount 


Hermetically 
Sealed 


Light Weight i i 
at = By selecting the : | Metal Statistics 


proper plastic film dielectric, 


SEND US YOUR electrical characteristics are 
SPECIFICATIONS 
+ Highest voltage per * Highest resistance 


Write tor our new completely size 


+ Highest stability with 
illustrated catalog on your + Lowest dielectric life P 


company letterhead absorption 


ing a simple step by-step procedure in- 
C) 


scribed on the controls. 


) 


« Wide temperature am 
o Lowest power faster range Consumers encountered difficul- 
Paper Dielectric Capacitors ° Plastic Film Capacitors ty in getting supplies during the 


High Voltage Power Supplies . Pulse Forming Networks past month and had to pay higher 
prices for several of the metals. 


# There was hope, however, that 

Wy] - , | the supply situation might ease 
i as Ta apa cl AT ‘{iem | and that prices for copper, lead, 
4 | zine and some of the other met- 

PIR Peles ue ae tise lien \cem Amie ety oals, having passed their peak, 


might recede in the first quarter 
of 1956, 


lower costs By oS, Se COPPER—Copper remains the problem 


metal. By all previous indications, 


copper should have shown some signs 


improve design of stability at the start of the new year 


but evidently the supply squeeze is still 
on and consumers will have to bide their 


save time ee time before supplies catch up with de 


mand. Initial activity in 1956 proved 
that copper is subject to so many dif 


with | ferent stresses and strains that nobody 


can foretell exactly what will happen 
A strike in Chile at the Kennecott 


° and Anaconda properties cost the in 
1é: cas dustry some 25,000 tons of copper be 
| fore it was settled. A strike at the 

Laurel Hill property of Phelps Dodge 


in New York caused a temporary de 

& | pression in the price of scrap to 40c. a 

lb. There was an almost immediate re 

Cast in one piece, at any one time—and 

one low unit cost! Produced precisely to 

your specifications, permitting a wide flexi 

bility of design heretofore impractical. One copper strengthened and was quoted at 

piece assemblies can be cast with shafts or center 50 to 50%ec. Ib, as against the producer 

holes, or in combination with cams, hubs, spacers 
flanges and other mechanical elements. Maximum . : 

O 6 ‘ ‘ ‘rs ‘le al 

sine 1-3/06" eutelie diameter & 4700" tone atte bviously, manufacturers of electrica 

COMBINATIONS wider faces for smaller diameters equipment were not able to get sufficient 

MANY COMBINATIONS AVAILABLE FOR LESS PRECISE | metal for their needs; and when they 


ii ae APPLICATIONS FROM STOCK DIES AT NO TOOLING did get the 


re) | 2 Write Today for Full Information and Samples | es | pears. 
Send specifications for prompt quotation—i00,000 to mittens Some opumism was expressed ove! 


A new production facilities which may 
p 2 GRIES REPRODUCER CORP. help fill up the demand gap. Magma 


Copper’s production at San Manuel in 
Arizona and new production at Kenne- 
149 Beechwood Avenue, New Rochelle, N.Y Phone: NEw Rochelle 3-8600 cotts Nevada properties are expec ted 


covery, however, to 4lc. when supplies 


tightened Meanwhile custom smelter 


price of 43« for electrolytic copper 


copper, they had to pay 


World's Foremost Producer of Small Die Castings 
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DON’T GIVE UP | 


WITHOUT TRYING AN 


R/M cTefeon 


PRODUCT 


What are you striving for—product 
improvement? — better equipment per- 
formance?—a more economical 
process? A product made of ‘Teflon’”’ 
by R/M could well be the missing link 
you're seeking. For R/M_ has been 
working with this wonder plastic ever 
since it was produced and, with it, has 
solved some of the very toughest 
problems encountered in recent years 
by electrical and electronics engineers. 
It is quite conceivable that R/M has 
already faced your particular problem 
and come up with a solution to it. So 
take advantage of the skill, experience 
and unmatched help that R/M can 
offer you. The many different products 
pictured indicate R/M’s versatility in 
“Teflon” manufacture. We can fab- 
ricate to your own specifications or 
supply you with “Teflon” in the form 
of rods, sheets, tubes or tape. For 
further information, write today. 
Properties of “Teflon”: High diclectric 
strength e Moisture absorption zero e 
Unaffected by weather ¢ Excellent heat 
stability up to 500° F. in continuous op- 
eration @ As tape, leaves no carbon residue 
along the discharge path e High impact 


resistance @¢ Nonadhesive e Stretches 


easily @ ‘Tensile strength 1500-2500 psi 


Du Pont trade 


RAYBESTOS-MANHATTAN, 


PLASTIC PRODUCTS DIVISION, Manheim, 


FACTORIES: Manheim, Pa. « Bridgeport, Conn. « No. Charleston, $.C. « Passaic, N.J. * Neenah, Wis. « Crawfordsville, ind. + Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Asbestos Textiles * Laundry Pads and Cover 
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Packings 


INC. 


Pa. 


Brake Linings « Brake Blocks « Clutch Facings « Fan Belts « 
Rubber Covered Equipment « Industrial Rubber, Engineered Plastic, and Sintered Metal Products »* Abrasive and Diamond Wheels « Bowling 


Bail 


Madiator 


Hose 
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FOR TODAY'S 
ELECTRICAL- 
ELECTRONIC 

MULTI-CONDUCTOR 
CABLE REQUIREMENTS 


To meet the needs of the elec- 
trical and electronic industries, 
William Brand announces a new 
and expanded line of Turbo 
Brand plastic insulated multi 
conductor cable, Precisely made 
to your specification, these cables 
can be furnished with or without 
shielding, with exact positioning 
within the cable of the individual 
coaxials, twisted pairs, triples or 
any of the many other standard 
or more comple x components 
that go into today’s rigidly engi- 


neered interconnecting cables. 


Quotations promptly rendered upon receipt of 


your specifications. Write today! 


WILLIAM BRAND & COMPANY, INC. 


Willimantic 1, Connecticut 


TURBO 


BRAND 


Oe 
~~ 


Quality Electrical & Electronic Wire & Insulating Materials Since 1920. “~~ 


to aid in bringing out more copper in 
1956. 


LEAD ZINC—Those consumers who 
had to buy lead and zine in December 
January, found to their dismay that 
they had to pay Yc. to le. a lb more 
for both metals. Not that this was a 
great surprise; it had been generally 
expected. The outlook for lead was 
fair and indications are that the price 
may hold at l6c. for awhile. Obviously, 
the key situation is Londen. Should the 
price on the London Metal Exchange 
drop further, the U. S. price may re 
vert back to its old 15'c. level. 

The zinc market boiled in January 
and the price was advanced Yc. to 
13.50c. a lb, f.o.b. East St. Louis. While 
there is no severe zinc shortage in the 
U. S., producers raised their price to 
stop the diversion of metal which had 
been coming into the United States up 
until the time European prices jumped 
upwards in December-January. Follow 
ing the %4c. rise, the market quieted 
down and by mid-January, sales were 
much less hectic than they had been in 
a long time. 

Higher zinc production in December 
was a hopeful sign. Output of slab zin« 
was 92,578 tons, the largest monthly 
output on record, and 4962 tons above 
that of November. Total 1955 produ 
tion was 1,031,018 tons which was 
162.776 tons over 1954 production. 


ALUMINUM—Most purchasing agents 
expect aluminum to remain in a tight 
supply position during the first half of 
1956. Company officials continue to 
stress peak production records and 
there is some belief that higher output 
in 1956 may help end the supply 
squeeze and offset the demand from 
new consumers of aluminum. 

Pricewise, there was no change in 
the U. S. with 30-lb ingot, 99 per cent 
plus, remaining at 24.40c. a lb. In Can 
ada, the Aluminum Co. of Canada (Al 
can) boosted its price for primary alu- 
minum ingot to 22'4c. a lb, a rise of 
1.25c. a lb effective January 1. 


SILVER—Fluctuations in the price of 
silver marked December and January 
quotations. In late January, the price 
of silver was 90c. an oz. representing 
a le. decline from the 9lc. level to 
which the metal had gone earlier in 
the month 


TIN—The price of spot tin at New York 
in mid-January was $1.06 per lb as 
compared with $1.10 per lb quoted in 
December. World production of tin in 
October (the last month available) was 
15,100 tons, as against 15,000 tons in 
September. 


NICKEL—The nickel situation was com 
ing in for detailed study as a result of 
quoted prices of 64.50c. a lb and of 
actual paid prices considerably higher 
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NATIONAL ACME 


TA) 


TRADE MARK 


THE ORIGINAL 


SNAP-ACTION LOCKING SWITCH 


SNAP-LOCK LIMIT SWITCHES. Made in both single-pole and 
double-pole series, and in four types: Standard, Short Travel, 
Neutral Position and Push Lever. With the exception of the 
Push Lever Switch, all are adaptable to special enclosures for 
hazardous location service and may be used with various 
styles of operating levers. For AC or DC service 


PROVED ... by 


millions of contacts 


ELECTRICAL SIDE MECHANICAL SIDE 


Electrical and mechanical sides are separated by a 

wall within a sturdy die-cast housing which is 

SNAP-LOCK Push Button es asameen ~~ i ast ps ~~ resistant. Can 
; a also be furnished water and oti-tipht 

Control Station Switches . 


Made up of small SNAP-LOCK 
switches, with separate en- 
closures for electrical and Limit Switches, Push-But 
ceigieiaapnn adage Rcapiance ton Control Station Switches and Motor Starter Switches 
to any number of units and in 

any arrangements of buttons, in 
flush or surface mounted types. 
For AC or DC service. 


All National Acme Switches 


employ the same dependable, basic swap-tocKk design. As 


illustrated above, the snap-action locking mechanism is 
simplicity itself—fool-proof, accessible, and long-lived 
The double-throw contact lever is connected directly by 
shaft with the latch bar on the mechanical side and carrie: 


self-wiping coin silver contact points to insure quick action 


make and break, with maximum wear re 
SNAP-LOCK Motor Starter 


Switches 


istance 


Send for Bulletin EM-51, or let u 
SNAP-LOCK Motor Starter 
discu our design problem 
switches are designed for 3- 
phase motors to 7'/2 HP on AC 
Ya HP on DOC. 


with you 


MANUFACTURING SiC 


f f Ww — , 0 v 
The National Acme Company © 176 East 131s? Street, Cleveland 8, Ohio 
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sets 


the 


pace high voltage capacitor using 


a non-inflammable impregnant. 


Running the first 4-minute mile 

or making the first miniaturized 
capacitor are feats that only leaders 
can accomplish. Cornell-Dubilier’s 
miniaturized capacitor is only one 
of hundreds of new capacitor 
developments that we have con- 


high voltage paper capacitor 
tributed in our record-making history. oil impregnated and filled 


Cc-D...45 YEARS OF FAMOUS FIRSTS 


Typical of these “famous firsts” are 
the three examples shown here 
proof that whatever your capacito1 
requirements may be, your needs 
can be filled by C-D. Write to 
Cornell-Dubilier Electric Corp., 
Dept. H-26, South Plainfield, N. J 


There are more C-D capacitors in use box-type, ceiling-mount 
ing, power capacitors 
today than any other make 


ONSISTENTLY EPENDABLE 
PLANTS IN SOUTH PLAINFIELO. N 4, NEW BEOFORD, WORCESTER AND CAMBRIDGE 


MAGS PROVIDENCE Ano nore VALLEY cy ' INDIANAPOLIS Ind SANFORD AND 


FUQUAY SPRINGS "a c $Ues Any THe RADIART CORPORAT N CLEVELAND, O 


than this figure. The Office of Defense 
Mobilization was planning to probe the 
nickel situation 

A spokesman for a major nickel pro- 
ducer indicated that free world nicke) 
production in 1955 will set a record at 
427,000,000 |b, or 40,000,000 lb above 
output in 1954. It was further indicated 
that higher production levels in 1956 
may help ease the tightness of the 
metal 


MAGNESIUM— Estimated magnesium 
ingot output in 1955 has been put at 
60,000 tons. Mill product shipments 
will hit 10,500 tons, a new record ac- 
cording to responsible sources. Mag- 
nesium ingot production was up 24 per 
cent and mill product shipments rose 
17 per cent in November. 

Dow Chemical boosted the price of 
its A291B alloy die casting ingot by 
1.50c. a lb to 3lc. in the East and Mid- 
west and 32.50c. in the West. Magne- 
sium pig prices held at 32.50c. and 
ingot at 33.25c. without any change 


MERCURY—The price of mercury 
dipped to $279-28] per flask of 76 Ib 
Spot mercury was still tight but active 
demand was lacking 


TITANIUM—A major expansion pro 
gram for titanium was indicated in 
forecasts by top ofhicials. It was pointed 
out that 1800 to 2000 tons were de- 
livered in 1955, as against 1200 tons of 
mill products in 1954 

A comparable rise was expected in 
1956. The price was unchanged at $3.45 
per lb for Grade A-I ingots. 


SELENIUM Strikes at I » Copper 
mines resulted in a loss of 80,000 Ib of 
selenium produced in the 3rd quarter. 


The price of metal was unchanged at 
$9-10 a Ib 


STEEL—The steel situation was under 
careful scrutiny. While there was no 
evidence of an easier situation in steel 
supplies, automobile production  cut- 
backs were expected to have a marked 
influence. Early January action on the 
part of auto companies in slicing out- 
put and laying off workers was being 
watched with interest 

Meanwhile, steel demand continued 
quite sharp as steel-makers sought to 
catch up with heavy blacklogs and with 
record demand. Heavier outlays for de 
lense were also expected as a result 
of the resumption of the “cold war 
and the inflammatory Middle East 
situation 

1955 steel output will total 117,000, 


QOO net tons, according to a preliminary 


survey. The fourth quarter set a new 
record of 31,216,448 tons, as against 
28.577,816 tons in the 3rd quarte: 

Scrap iron prices are at a peak, with 
$55 per ton being paid in some of the 
major market areas for the No. 1 
grade 
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Wagner ELECTRIC MOTORS...the choice of leaders in industry 


~~ 


HEAVY-DUTY BALL BEARINGS—Highest quality bearings of more BEARINGS CAN SE RE-LUBRICATED— These Wagner motors can 

thon ample capacity to carry heavy loads provide long trouble- be re-lubricated when necessary to prolong bearing life. New 

free service. grease can be added—old grease removed through openings 
provided in top and bottom of bearing housing. 


BEARINGS STAY CLEAN— Both ends of these motors are equipped EASY TO CONNECT—Large diagonally-split conduit box which 
with running shaft seals to keep dirt, dust and water from the can be mounted in any of four convenient positions, provides ample 
bearings. There's no grease loss because bearing housings have room for making connections. Leads are readily identified by 
effective seals to prevent escape of grease. numbers stamped on the terminal bushing. 
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Wagner totally-enclosed motors mean 
less down-time for machine tools 


Wagner totally-enclosed fan-cooled motors are particularly 
suitable for use on all types of machine tools. 


They are fully protected against damage from steel filings, 
chips, dust, dirt, fumes and moisture. They require no 
maintenance other than periodic lubrication. 


lf appearance is a factor, you'll find that the pleasing 
proportions of these motors give them that functional beauty 
obtained only when the design is fundamentally right. 


Ribs on the corrosion-resistant cast iron frames add mechani- 
cal strength and increase the surface area for more efficient 
cooling. Full information and principal dimensions are given 
New NEMA Frames in Bulletin MU-203 which is yours for the asking. 
Standard and 


, Your nearby Wagner engineer can hel ou select the 
Explosion-Proof 7 © - toe 


right motor for your applications. Call the nearest of our 
32 branch offices, or write us. 


Wadaner Electric @rporation 


6454 Plymouth Ave., St. Lovis 14, Me., U.S.A 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


ELECTRIC MOTORS * TRANSFORMERS + INDUSTRIAL BRAKES + AUTOMOTIVE BRAKE SYSTEMS-AIR AND HYDRAULIC 
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Weight reductions 


average ‘3()% 


in new line of 
transformers 
employing 


ad 


TYPE 5-2 ply 


Another example of savings permitted by this 
Johns-Manville purified asbestos insulation 


A New LIne of dry type transformers an- by continuous exposure to 200 C, it retains the 


nounced by a prominent electrical manufacturer inherent dielectric of the base sheet which is at 
least 200 VPM. . 


up to 400 C. 


achieves savings in weight up to 50% in some . and it remains a dielectric 


models ...30%% on the average. Contributing to 


these savings is the use of Quinterra Type 5— 


Type $—?2 plv i . _ ‘nate ™ 
2 ply as layer insulation between the high and ly pe 5—2 ply is the Seomgens Quinterra be 
low voltage windings.1 cause it is made by combining and calendering 
: two layers together into a dense, smooth sur- 
Other manufacturers also report that Quin- . . . . 
ae oo faced insulation. Its good tensile and bursting 
terra Type 5—2 ply permits substantial mate- : . 
: : strengths enable operators to achieve favor- 
rial savings. In addition, they state that this : 
: able production rates. Further economies result 

flexible insulation raises overload limits, in- 


he ' from its large square-foot-per-dollar coverage. 
creases safety, minimizes rejects, lengthens 


equipment service life, and lowers production If you are a manufacturer of magnetic or 


costs. resistance devices, Quinterra Type 5—2 ply may 


| Johns-Manville ELECTRICAL INSULATIONS 


ama KR ODUCT S 


Quinterra Type 5—2 ply possesses high ther 
mal stability and lasting dielectric strength. It 
is a twin-ply, polyvinyl acetate treated purified 
asbestos insulation with a dielectric strength of 
300 VPM. Even when its saturant is baked out 


mt) 


*Quinterts 
< 


enable you to obtain substantial cost reductions. 
For samples and Quinterra Booklet EL-40A, 
write Johns-Manville, Box 60, New York 16, 
N. Y. In Canada, address 565 Lakeshore Road 
East, Port Credit, Ontario. 
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GLENNITE ® 


C-21 SUBMINIATURE CONNECTORS AND CABLES 


Leow ac 


Gulton Industries’ Research 
on-the-Production-Line 
makes possible instant tail 
oring of basic materials 
instruments or complete sys 
tems to fill difficult of unusual 


requirements 


40,000 


umder severe 


THE PROBLEM: Sensitive instruments in today’s mis 
siles and aircraft are constantly being made smaller 
and smaller to conform to exacting space require 
ments. To carry back the vital information sensed by 
these instruments, a completely unique type of 
connector and cable was required extra 
ruggedness, superior shock and vibration characteris 
tics had to be combined with minimum size and weight 


Nothing with all the necessary qualities existed! 


THE SOLUTION: 


their unconventional approach and long years of 


Gulton engineers concentrated 
experience in shock and vibration research on answer- 
ing this problem ...the 


GLENNITE C-21 Connectors and 


result sub miniature 


Cables 


new 


Actual Size a 
< 


FEET 


wiabrations...- 


Only '/, the size and weight of comparable AN 
types (.565” O. D.—1” length), advance-design C-21 
Connectors have a revolutionary, internal cable clamp, 
special free-floating 


pins and 


provision for cable 
coiling that prevent transmission of shock to the con 
C-21 Units withstand up to 25 lbs 


cable tension without effect! And positive keying 


nector housing 


and polarization prevent incorrect assembly, even if 
key is damaged they are available in a wide 
selection of styles and pin arrangements 


has a matching C-21 Cable 


each type 


For complete technical information on GLENNITE Con 
nectors and Cables or Gulton Industries’ Electronic Sys 


tems, write for Catalog #701 today! 


G U LT © i MFG. CORP. 


associated with 


GULTON 
PIONEERS IN 


INDUSTRIES, 
MATERIALS RESEARCH, 


INC. Metuchen, New Jersey 


ELECTRONIC COMPONENTS, PRECISION INSTRUMENTS AND SYSTEMS ENGINEERING 


See GI Products, Booth #850 March IRE Show. Write on company letterhead for personal invitation to Gi Instrument and Component Symposium, Waldorf-Astoria, March 21, 1956 


CARDS. PRECEDING BACK 


$23 





SL MN 
= 


Your Dest buy ® 
for pOwer supply 


Ont 7 ROYAL 


[When you specify Royal, you 
7 } spec ify Cord Assemblies that will back 


/ your buying choice from purchase 


va order to performance record 


Royal Quality Engineered Cord 
Assemblies are designed to provide 
maximum operating efficiency — plus 
longer service life for all types of 


electrically-powered products. 


As basic producers of flexible, 
lamp and service cords, Royal offers 
a wide choice of stock and special 
molds for a variety of caps, 
connectors and strain reliefs in rubber, 
neoprene, vinylite or polystyrene 
Royal cords can be furnished with 
standard Royal attachments or can 
be custom-made to your specific 


requirements. Write us today 


Ask for your copy of the ps 


NEW ROYAL CATALOG /ex, 


Contains complete details 
on Royal Stock Molds for 
Caps, Connectors and 
Strain Reliefs 


ROYAL ELECTRIC COMPANY, Inc 


PAWTUCKECI + RHODE ISLAND 


WIRE + FLEXIBLE CORD 
CORD ASSEMBLIES + FUSES 


Now! End Cord and 
Cable pometpe here 


GRIPMASTE R 


‘\ STRAIN 
RELIEFS 


© Permanently anchor 
exterior conductors 
e Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 
GRIPMASTER Strain Reliefs 
anchor cords and cables at point of 
entry and positively prevent loosening 
of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 
power! Underwriters accepted. 
ed 
FOR EVERY TYPE OF CONNECTION! 


EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


—_ Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


GRIPMASTER WIRE 


f / : BINDING SLEEVES — 
i Prevent the fraying of 
J cord ends. Specially treat. 


ed rubber tubes available 
in 5 wire sizes to .790. 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 
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The Sign of 


QUALITY 
MOTOR CONTROL 


1-T-E instantaneous 
trip circuit breaker 


Bulletin 709 Size | 
solenoid starter 


Bulletin 800T oiltight 


tte 2 selector switch 


Bulletin 800T oil 
tight push button 


Bulletin 892 terminal 
blocks — can be as- 
sembled to any length 


TIME-TESTED, TROUBLE-FREE COMPONENTS 
for YOUR MACHINE CONTROL PANELS 


The best way to head off trouble 
is to equip your control panels 
with components that have 
‘made good" in literally thou 
sands of tough applications 
There is no question about the 
trouble-free operation of Allen 


Bradley QUALITY controls 


Their simple design is what 
puts them in a class by them 
selves for dependability and 
maintenance-free service. That's 
why Allen-Bradley controls have 
become the ‘standard starters” 
on so many machine tools 


Kempsmith Master 

Mill with control 

pane! on back of 
machine 


Bulletin 705 revers 
ing starter with in 


terlocked contactors 


The Kempsmith Master Mill is operated by the control panel switch, and terminal blocks 
shown above. It is mounted in a general-purpose enclosure on 


all Allen-Bradley time-tested 


components. The door is interlocked with the circuit breaker so 
p 


the back of the machine, and consists of an I-T-E circuit breaker, that the breaker must be ‘‘off'’ before the door can be opened 


two starters, a reversing switch, a relay, push buttons, selector Send for the Allen-Bradley Handy Catalog 


Allen-Bradley Co ‘ (AB) In Canada 
1309 S. First St., Milwaukee 4, Wis Allen-Bradley Canada Ltd., Galt, Ont 


ALLEN -BRADLEY 


QUALITY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVEK 





FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 


bars+structurals+plates+ sheets & strip 


tubing « reinforcing, etc., « also machinery & tools 


at: New York + Boston + Wallingford, Conn. + Philadelphia + Charlotte, 


+ Cincinnati +« Cleveland + Detroit + Pittsburgh + Buffalo « Chicago « 


Milwoukee + St. Louis + Los Angeles + San Francisco Spokane + Seattle 


NEW HANDLES 


For Hot Plate Switches 
and Similar Applications 


—At Special Low Prices! 


Smartly styled, quality made knobs, at low cost. Avail- 
eble with the standard ‘’S’’ type shaft hole (.251 dia 


flatted to .203"). Others can be supplied at nomina! 
tooling charges. Samples and prices furnished on request. 


ROGAN BROTHERS 


8027 N. Monticello Ave., Skokie, Illinois 


326 


Phase-Shift Grid Control 
of Thyratrons 


(Continued from page 117) 


shift R. The current which resulted would control the triode 
tubes to produce equivalent resistance Re approximately 
equal to Ry. Then, if this value of current had a tendency 
to decrease, as by a reduction of the input voltage to the 
welder or by the introduction of the material being welded 
into the jaws of the welder to increase the impedance there- 
of, the triode tubes would be rendered more conductive so 
as to decrease the value of Re and cause the phasing of the 
thyratrons to be advanced to increase the weld current, and 
53 | K FF 

Portions (H) and (J) serve to show that, for a given 
relative to Ri, a change in the value of R shifts 
the phase of the output voltage in a very normal manner 


Fig. 53(M) indicates that the sense of the control function 


vice versa as shown by Fig 


value or Re 


of the triode tubes could be reversed by using these tubes 
as a substitute for R, instead of Ry 


A third part of this article to appear in 
the March issue of Evecrrica, Manurat 
runing will continue to develop circuits 
employing phase-shifted signals for con 
trol of thyratron output 
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17—“Principles of Selsyn Equipments and Their Operation,” | 
I’. Holder, General Electric Publication GED-459 (Reprinted 
from the General Electric Review, Se pt. 1930, pp 900-504) . 


18 Grid Control of Gas-Filled Tubes,’ W. D. Cockrell, Elec 
tronu June 1944, pp 124-128. Also, “Industrial Electronic Con 
trol” (a book), W. D. Cockrell, McGraw-Hill Book Co., Inc 
New York City. See Chapter XVI, Phase Shift Circuits 


19—U.S. Patent 2,411,745, E. E. Moyer, Nov. 26, 1946 


“Principles of Alternating Current Machinery” (book) 
K. W. Lawrence, McGraw-Hill Book Co., Inc., New York City 
See Chapter LVII, The Induction Motor as a Phase Changer 
2nd edition, 1921. 


] \ Variac Phase-Shift Circuit,” 


experimenter, Oct 1950 


pp 91-554, 


Gilbert Smiley, General Radio 
“Variac Phase-Shift Circuits,” 
& Thompson, General Radio Experimenter, Jan. 1951. 


Rennis 


LS. Patent 2,078,152, | } Mover, Apr. 20, 1937. 


Ihyratron Control of D-C Motors,” G. W. Garman, General 
Klectric Publication GEA-2952 (Reprinted from the General Elec 
tric Review, April. 1938, pp 169 202 208). See Figs. 1, 3, 5. “Sole 
noid Motor 


Control” George M. Chute, Electronics, Jan. 195) 
p 105 


4 Ihyratron Phase-Control Circuits J. C. May, H. C. Reich, 
J. G. Skalnik, Yale University, Electronics, July 1948, pp 107-109 
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) Wide-Angle Phase Shifter,” W. J. Brown, Electronics, March 
1955, pp 188-193 


2h Electronic Control of D-C Motors,” E. E. Mover, Electronic: $, 
Vol. 16, 1943, May, p. 98; June, p. 119; July, p. 118; Sept. p 33: 
Oct., p. 128. See Fig. 1, page 119, June 1943 issue 


Hot Cathode Thyratrons,” Dr. Albert W. Hull, General Elec 
tric Revieu Apr. and July 1929, pp 213-223 and 390-399. See ki 


Loaded Phase-Shifting 
Dec. 1944, pp 146-148 


Networks,” rr. Chin, Electronics 
U.S. Patent 2,095,827, E. E. 


Mover, Oct 2. 1937 
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En jay Butyl — greatest rubber value 


for electrical application 


Enjay Butyl, an amazingly versatile rubber, 


} 
electrical 


deal In 


varied uses as high voltage cable ir 


has opened a whole new ol 


application. It has proven itsel! 


ucn 


casing and insulation for indoor 


transformers, and insulation for underground 


ervice cables if 


low power lactor and dielectric prope rtie 
stability to temperature change and re 


ance to heat and aging combined with it 


outstanding resistance to ozone and corona, 


uperior low-temperature flexibility, an 


sistance to moisture absorption and abrasior 


ENJAY COMPANY 


District Office: 11 South I 


INC., 
ee 
36 SUCCESSFUL 


READER 


YEARS 


INQUIRY SERVICE CARDS, PRECEDING BACK 


outdoor 


The reasons: its long life, 


ty 


O f 


COVER 


n 


, Ohio 


EADE 


RSHIP 


15 West Sist Street, New York 19, N. 


1 N 


SE 


BUTYL 


Enjay Buty! is the super-durable 


rubber with outstanding resis 


tance to aging + abrasion 


tear «+ chipping «+ cracking 


ozone and corona + chemicals 
gases + heat + cold «+ suntight 


moisture 


RVING INDUSTRY 





MICA—MICA-—MICA 


NEMCOITE—THE OUTSTANDING MICA INSULATION IN THE ELECTRICAL FIELD... BUILT UP MICA PRODUCTS... ALL TYPES... FORMS. . .CLASSES 


THE FOREMOST 
- HIGH HEAT MICA 
ELECTRICAL INSULATION 


NEW ENGLAND MICA 
COMPANY, INC. 


66 WOERD AVENUE, WALTHAM 54, MASSACHUSETTS 
BOSTON « NEW YORK «+ BALTIMORE « CHICAGO + CLEVELAND + DETROIT « MILWAUKEE « ST. LOUIS 
PITTSBURGH + SAN FRANCISCO « LOS ANGELES + PORTLAND, OREGON + TORONTO, CANADA + MEXICO CITY, MEXICO 


na 


cule thn 


All these... and more .. . for yOUR 
YOUR BEST CONNECTIONS ra 


U/L AND CSA TESTED HI-RUGGED STRENGTH " E RF i) RM 


PURE COPPER RE-USABLE 


100% CONDUCTIVITY ALL WIRE SIZES 
COOLER OPERATION ECONOMICAL 


WRITE FOR 


80-PAGE CATALOG 
ILSCO CORPORATION 


5745 Mariemont Ave. 
CINCINNATI 27, OHIO 


iT Lee eee 8) 
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Mallory Contact Engineering 
Offers Five Ways 
To Improve Economy 


The most effective contact material from 
the extensive line developed by Mallory 
More economical alloys often can satisfy 
actual service conditions. 


The most economical contact design... 
for your purchasing, production and prod 
uct needs 


The most economical backing material 
. from a group of Mallory alloys devel- 
oped for this use. 


The most economical backing member 
design...in relation to contact and prod 
uct design requirements. 


The most economical method of assembly 
of contact and backing member. 


By coordinating all these important elements of 
contact design, Mallory can help you put into 
effect a long-range plan for cutting contact 
cost and assuring peak performance 


Serving Industry with These Products 


Electromechanical—Resistors * Switches « Television 


Electrochemical—Capacitors ¢ Rectifiers « 


Metallurgical 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


=|M 


Tuners « 


Mercury 


ALLORY | 


When Original Design A ran 


into alignment trouble, the cus- 


tomer proposed design B. 


Mallory engineers recommended 
design C as the most efficient and 


economical solution. 


Leu of electrical contacts is an engineering job in 


which Mallory’s specialized experience can often 
lead to substantial savings for you. A case in point -a 
manufacturer of circuit breakers wanted to use 
bination of flat and radius-faced 
alignment problem in production. 


a com 
lick an 
This design required 
buying and stocking of two separate contact parts. 


contacts to 


Mallory contact engineers came up with a money-saving 
improvement. They modified radius 
design to go on both the stationary and moving contacts. 
Substantial production time was saved by elimination of 
the difficulty in 
buying a 


recommended a 


alignment assembly. In addition, by 
single type of contact engineered for the job, 
the manufacturer cut 
simplified purchasing and 


and saved a significant 


instead two separate designs, 
his inventory problem in half, 


handling, 


percentage of direct 


contact cost as well. 
There’s a good chance that you can realize comparable 
savings on your Own contact applications, 
your problems to Mallory 


by bringing 
The complete engi 
undertake will assure 
of gaining the maximum in performance... at the peak 
of economy .for your specific requirements. 
consultation, write or call Mallory today. 


specialists. 


neering job that our staff can 


you 


For a 


Supeets more...get more from 


P.R.MALLORY @ CO. inc 
Vibrators 


Batteries 


Contacts * Special Metals and Ceramics « Welding Materials 


MALLORY & CO., Inc INDIANAPOLIS 6, INDIANA 


oT) 
Patel 


a 
4 


How economical are your contact designs P 





Use tough epoxy resins 
lor strong tools, 


strong products 


Five Mold Sections, shown here with cast body shell, will 
be « lamped toge ther to form comple te body mold. Sections 
and master model from which they are cast are made of 
compounds based on BakeLrre Epoxy Resins, liquid mate 
rials that can be cast without pressure at room te mips rature 
Minimum shrinkage dimensional stability lighter weight 
are among the advantages of these pla tic tools. These 

Poolplastik” compound ire produced by Rezolin, Inc., 
Los Ange les 45, Calif 


Versatile Bakexire Brand Epoxy Resins 
may improve the manufacture of your ma- 
jor appliances through fast, low-cost tool- 
ing.Or they may improve the construction 
of delicate electrical assemblies, as when 
used for encapsulation. 

They are just one group of materials 
produced by Bakelite Company for elec- 
trical and mechanical applications. This 
range of resins and compounds simplifies 
the job of finding the material that fits 
your requirements exactly. Only Bakelite 
Company, with more than forty-six years’ 
experience in plastics technology, offers 


so complete a selection 


Reinforced Plastic Body on 
the Pontiac“ Junior Star Chief” 
was formed in molds cast 
from Rezolin “Toolplastik’ 
compounds based on BAKE 
LITE Brand Epoxy Resins 
Metal-forming tools, jigs, fix 
tures, also made from these 
tough, dimensionally stabk 
materials, are especially ust 
ful where model changes are 
fast and frequent 





Encapsulated in Epoxy 
Resin, this molded coil is 
tough enough to drive nails 
gets scarcely a surface dent 
Conventional coil would be 
worthless after such treat 
ment. Glass cloth and mica 
fille d compound base d on 
BAKELITE Epoxy Resin devel 
ops strong bond to metal con 
ductor, seals out moisture 
caustics, acids, and other con 
taminants. It's effective up to 
160 deg G 


Large (600 H. P.) Banbury 
Motor Coil after rebuilding 
with epoxy molded coils, Old 
coils wrapped with conven 
tional materials failed after 
repeated carbon black pene 
tration. “Epoxylite coils used 
are produced by Epoxylite 
Corp., Montebello, Calit., and 
Larsen-Hogue Electric Co., 
Los Angeles, Calif 


BRAND 


BAKELITE COMPANY, 
A Division of Union Carbide and Carbon Corporation (iq eM 


30 East 42nd Street, New York 17, N.Y 


rhe term Bakevrre and the Trefoil Symbol are registered trade-marks of UCC 





SNAP-ACTION SWITCHES 
Cherry Offers Methods for... 


 eeeeeedeed 


aa 
a 


... Designing a Snap 
Action Switch into a Cam 
Operated Switch System 


~ 
}é 
j 
Specifications for snap J J 
4 


< 


| 
| ee 
'YOU CAN’T BEAT COLD F 


switches and cams must be 
correct to insure switch op 
eration within required tol 
erances. Additional consid- 
erations in Cepco Bulletin 
No. C-200 


..- Application of Limit or J 
Reverse Snap Switches into __. Kay = y 
Automatic Equipment ; 

Reduce cost of switch and 

adjustment by proper selec 

tion of switch and its actuat 

ing method, Data on design 

and specifications in Cepco 

Bulletin 1-100 

... Specifying a Snap Switch (e@ | SSNS eg 

for Interlock Function 


Switch must have accurate 
Operating point and exten 
sive overtravel for variation 
in member operating switch 
Further design information 


in Cepco Bulletin 1-300 


CHERRY Switches Are Designed For 
Original Equipment Where Reliability 
And Low Cost Are Essential: 

Gang Switch Simultaneous Multi-Pole 


Miniature Switch Rotary Switch 
Tease Proof Switch Coin Switch 


MAIL COUPON FOR BULLETINS 


CHERRY 


C 
J | ELECTRICAL PRODUCTS CORPORATION | 


1650 Deerfield Road . Highland Park, Itlino 


my 


MANUFACTURING COMPANY 
WRITE FOR 44 WORWOOD ST., TORRINGTON, CONN. 


OUR CATALOG 
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With elongation tests 
on magnet wire 


He helps you get 
longer break-free 
runs in your 


winding room 


One of the best ways to get fewer breaks 
in winding, firmer coils, greater free 
dom from shorts and tewe! costly rc 
jects, is to choose magnet wire with 
elongation and tensile strength prope 
ties that measure up to the strictest 
requirements 

In Anacondas magnet wire mills, for 
example samples of wire are taken at 
every machine each day for testing in 


the quality control laboratory—includ 


3 
7 
7 


ing measurements for tensile strength 
ind elongation 

| Very ree] spool Ol package ot 
Anaconda wire undergoes rigid Inspec 
tion and testing from raw material to 
finished product to packaging 

If you are not satisfied that you are 
vetting the best results from the wire 
you are now using why not give 
Anaconda magnet wire a trial. See the 
Man from Anaconda or your Anaconda 
distributor. Anaconda Wire & Cable 


Company 5 Broadway, New York 4 


New York. 


Tensile and elongation tests are part of Anaconda’s strict quality-control 


program that assures users of wire meeting the most rigid requirements 


ask the man from AANACON DA 
for MAGNET WIRE 
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WITHIN THE HOME, irritating sounds multiply as more appliances are installed. However, Fiberglas Aerocor is a superior insulation that muffles 


+) 


operating sounds of laundry appliances, refrigerators, air conditioners, heating units, freezers, dishwashers, and disposal units. 


HUSHING OPERATING NOISES 
WITH FIBERGLAS INSULATION 


Irritating sounds destroy your product reputation . . . Fiberglas 
Insulations are one more reason why your product enjoys con- 
sumer acceptance. 
Wherever operating noise is a problem, Fiberglas* Appliance 
Insulations like Aerocor™ help muffle it. Aerocor is a superior 
Fiberglas Insulation—and is highly efficient both as a sound 
absorber and dampener, also possessing an exceptionally low 
thermal conductivity 

Fiberglas Appliance Insulations are more than an assurance 
of good thermal performance—they give you other design 
advantages for penetrating tomorrow's competitive markets 


quieter operation, compactness, greater safety, and comfort. 
Moreover, the well-known Fiberglas label works for you too, 
gaining consumer acceptance for your products in national 
advertising and in the sales room. 

Call on Owens-Corning Fiberglas skilled technicians to help 
you introduce powerful selling features through better control 
of heat, cold, sound, 
and vibration, Owens- 
Corning Fiberglas 
Corporation, Dept. 
193B, Toledo 1, Ohio. 


FIBERGLAS 


#@#T.M. (Reg. U.S. Pat. Off.) 0-C.F Corp 


OWENS-CORNING 


FIBERGLAS AEROCOR OFFERS anli-noise resistance to 
operating mechanisms — encloses inner-compartments, cutting 
sound to a tolerable level, AND reduces irritating effects of 
over-all household noise by dampening properties effective against 
slushing water, lid and door closing, metallic drumming and vi- 
brant hum. 


TRUE TONAL FIDELITY of TV, radio, and Hi-Fi equipment 
is made possible through the household quiet permitted by over-all 
Acrocor Insulation, and by the specific application of Aerocor in 
deadening the hum of motors and tubes in electronic equipment. 


OFFICE NOISES distract employees and impair efficiency —but 
Fiberglas Insulation reduces the sound of mechanical office equip- 
ment to a minimum degree. 
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Guide to Buyin 


MATERIALS @ METALS e@ ELECTRICAL G MECHANICAL PARTS @ EQUIPMENT e FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—oa monthly service to readers and advertisers. Data may be secured from advertise 
ments. Publisher will supply any additional information which is available—use postcards appearing 


just preceding back cover. 


ACTUATORS, BALL-SCHEW 


Gaginaw Steering Gear Div., 
otors Corp., Saginaw, Mich 


General 


ADHESIVES 


Aluminum Co. of America, 
Pittsburgh 19, Pa 
Armstrong Cork Co., 
caster, Pa. 
Bakelite Co., A Div. of Union Carbde & 
Carbon Corp.. 300 Madison Ave., New 
York 17 N. ¥ 
Biggs Co., C. H., 2255 Barry Ave., West 
am Angeles 25, Calif 
Durex Plastice Div 
new ‘ i 
Tonawanda, N. Y¥ 
Boughton Laboratori Inc., Olean, N. ¥ 
eonns-Manville Corp., Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, Il. 
& rs Co., Ine., Chemical Div., Dept. 
-125, Pittsburgh 19, Pa. 
Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn 


Alcoa Bidg., 
Lan- 


7001 


Ingersol, 


Hooker Electro- 
Walek Kad N 


ALUMINUM. Bee aleo Castings. 
Aluminum Co. of America, Alcoa Bidg., 


Pittsburgh 19, Pa 
Gevere Copper & Brass, 230 «Park 


Ave.. New York 17, 


Inc., 
N. ¥ 


AMMETERS. See Instruments 


AMPLIFIERS, ELECTRONIC 


Acrovox Corp., New Bedford, Mass. 

Bogue Electric Manufacturing Co., 60 
Towa Ave., Paterson 3, N 

Bristol Co.. Waterbury 20, Conn 

Doelcam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 35, Mass 

Wederal Telephone and Radio Co.. Div. 
of International Telephone and Tele- 
graph Corp., 100 Kingsland Rd, Clif- 


ton, N. J 
1786 Weir- 


Wreed Transformer Co., 
field, Brooklyn 27, N 
Apparatus Sales Div., 
Schenectady 5. N. Y 
cur. 


Genera! Electric Co., 
Inc., 1878 Main Ave., 


Ine., 
Y 


1 River Ra 
Kearfott Co. 
ton, N. J 
Keystone Products Co 
City, N. J 
Leach Relay 
Avalon Bivd 
Librascope, Inc 
dale 1, Calif 

Magnetic Amplifiers 
Ave., New York 55, N 

Magnetics, Inc., Dept 
Pa 

Nothelfer 
bemarle 


, 904-06 23rd, Union 

Corp., 5915 
Calif 

Ave., Glen- 


Div Teach 
los Angeles 3 
808 Western 


Inc., 632 Tinton 


EM 23, Butler, 
Winding Laboratories, 111 Al- 
Ave., Trenton & «ws 
Sanborn (ec Industrial Div., 195 Mass- 
achusetts Ave, Cambridge 39, Mass 
Servorpeed Co Div. of Flectro-Devices, 
Ine., 4 Godwin Ave., Paterson 1, N. J 
Gouthwestern Industrial Flectronics (Co., 
2831 Post Oak R4., P.O. Box 13058, 
Houston, Texas 
United Transformer Co., 150 Varick, New 
York 13, N. ¥ 
Westinghouse Electric 
Center Bidg. No. 8, 
Pittsburgh 22, Pa 


Corp.. 
401 


Gateway 
Liberty Ave., 


ANODES, PLATING 


@merican Brass Co., Waterbury 20, Conn 
Chase Brass & Copper Co., Waterbury 20, 
Conn 
du Pont de Nemours & Co., 
Electro Chemicals Dept 
Del 
General Plate 
Cory i I 
(Silver 
Gandy & Herman, 8&2 Fulton, 
38. N. Y¥. (Silver. Gold 
Hussey & Co, C. G., Pittsburgh 19, Pa 
Leach & Garner Co., Industrial Div, Attle- 
horo, Mass 
Makepeace Co., D. FE.. Div 
and Wire Co., Attleboro, Mass 
Revere Copper & Brass. Inc., 230 Park 
Seymour, 


(Ine.), B. 1, 
Wlimington 08, 


and Controls 


Div., Metals 
rest tleboro, Mass 


we At 
Gold) 
New York 


of Tnton Plate 


Ave, New York 17. N. Y 
@eymour Manufacturing Co. 
Conn 


ASBESTOS SLEEVING. Bee Sleeving and 
Tape, Asbestos 

BALANCING MACHINES 

General |} ‘ 4 


Bales Div 


READER INOLIRY SERVICE ¢ 


ARDS, PRECEDING BACK 


Bb 
ittsburglt 


BALLS, BEARING 


Abbott Ball Co., 60 Ratlroad Place, 
ford 10, Conn 
Hartford Steel Ball Co., 
Conn 
Hoover 
Mich 
SKF 
Pa 


Hart- 


Inc., Hartford 6, 


Ball & Bearing Co., Ann Arbor, 


Industries, Inc Philadelphia 82, 


BATTERIES, DRY 


Mallory & Co., P. B., Indianapolis 6, Ind 
Radio Corp. of America, Tube Div., Har 
rison, N. J 


BATTERY ELIMINATORS 
Supply Unite; Rectifiers 


Bee Power 


BEAD CHAINS 


Bead Chain Mfg. Co., 


13 Mountain Grove, 
Bridgeport 5, Conn 


BEARINGS, BABBITT 


Ryerson & Son, Inc., Joseph T., 


Chicago, 
tl 


BEARINGS, 
Miniature 


BALL (Miniature) 


Precision Bearings. 
Precision Park, Keene, N. If 
New Departure Div. of Gereral 

Corp., Bristol, Conn 
U. 8. Gasket Co. Camden 1. N 1 


Inc. 2 


Motore 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 


Freeway Washer & Stamping Co., 
Box 1756, Cleveland 5, Oho 

Hoover Ball & liearing Co 
Mich 

Kleiner Metal Spe I P.O. Box 
1s Dunellen, N. J 

New Departure ity of 
Corp., Bristol, Conn 

Nice Rall Bearing (« s0th & Hunting 
ton Park Ave.. Philadeiphis, Pa 

SKF Induetries, Tne Philadephia 82 Ps 
Torrington ¢ 01 Field, Tor f 
Cont Needle 


P.O. 


Ann Arbo 


General Mutors 


BEARINGS and BUSHINGS, 
LUBRICANT-HETAINING 


Amplex Div ot Chrysler 
E-1, Detroit 81, Mich 
Bound Brook Oil Less Bearing Co., 

Brook, N 
Bushings, Ine., Coolidge Highway at 14 
Mile Rd, Royal Oak, Mich 
Graphite Metallicing Corp., 1059 
han Ave Youkers 3, N. Y 
Self-lubricating) 
Radio Cores, Inc., 9540 Tulley Ave., 
Lawn, Til 
United States Giaphite Co 
Saginaw Mick 
Yale & ‘ Pow 
M 4 I’r ID Ib 
Ave Frank Park, I 


Corp., Dept 


Bou.d 


Nepper 
(Olllens 


Oak 
1621 Holland 


BEARINGS and BUSHINGS, METAL 
(Brass, Bronze, Steel, ete.) 


Amplex Div of Chrysler 
t Detroit 31, Mict 
Bound Brook Oil-Less Bearing Co 

Brook, N J 
Bushings, Inc Coolidge Highway at 14 
Mile Rd Royal Oak. Mict 
Chase Brass & Copper Co., Waterbury 20, 
Conn 
Mallory & Co., Inc., P. R., 
6, Ind 
United States Graphte Co 
Saginaw Wich 
Yale & Tow M 
MI P 
Ave Frank 


Corp., Dept 


Bound 


Indianapolis 


1421 Holland 


BEARINGS and BUSHINGS 
NON-METALLIC 


Bushings, Inc., Coolidge Highway at 14 
Mile Rd., Royal Oak, Mich 
General Electric Co., Chemical 
Plastics Ave., Pittsfield, Mass 
General Tire & Rubber Co Industrial 
Producta Div Wabash, Ind 
National Vulcanized Fibre Co., 


ton 99, Del 


as 9 


Wilming 


COVER 


Polymer Corp. of Penna 
Ave., Reading, Pa 
Radio Cores, Ine., 9540 Tulley Ave., 
Lawn, Ill 
Richardson Co 
Th 
Ryerson 
Il 
Spaulding 
N. ¥ 
Westinghouse Fleetric 
Center Bidg. No. 8 
Pitisburgh 22, Pa 


2120 Fairmount 
Oak 


2709 Lake, Melrose Park 


& Son, In Joseph T., Chicago 


Fibre Co., Ine Tonawanda 


Corp 
401 


Gateway 
sAberty Ave 


BELLS 


Bignal Engineering & 


Mfg. Co 278 
Branchport Ave., Long 


Branch, N. J 


BELT DRIVES. See Drives, Belt 


BENDERS, BRAKE and SHEARS 


Richards Co, J. A 906 N. Pitcher, 
Kalamazoo 13F, Mich 

Ryerson & Son, Inc., Joseph T., 
nl 


Chicago 


BERYLLIUM COPPER 
Wire) 


Beryllium 
Pa 
Mallory & Co., Inc, P. R 

6, Ind 


(Rod, Strip, Tube, 


Corp Dept. 5C, Reading 5 


Indianapolis 


BIMETALS. See Thermostatic Bimetals 


BITS, SCREW and BOLT 
Screw Keys and Wrenches 


Bee Socket 


BLADES, FAN 


Torrington 
Conn 


Manufacturing Co., Torrington, 


BLOCKS, PILLOW 


Bushings, Ine Coolidge Highway at 14 
Mile Rd., Royal Oak, Mich 
SKF Industries, Inc Philadeiphia 32, Pa 


BLOCKS, TERMINAL. Bee Strips 
& Roards, Terminal 


Blocks 


BLOWERS. See Fans & Blowers 


BOLTS. See Fasteners 


BOXES and CRATES, WIREBOUND. Bee 
also Containers, Packaging and Shipping 


Hair Ridgway Bor Co 
Ww lat Chicago 8, Il 


Rathborne 
1440 


and 
Place 


BOXES, METAL. Bee Sheet 
cators 


Meta! Fabri 


BRAKES. BENDING. Bee Benders 


and Shears 


Brake 


BRAKES, HYDRAULIC 


Timken- Detroit Brake 
Mpring and Axel Co., 


Div., Rockwell 
Ashtabula, Ohle 


BRAKES. MAGNETIC 


Cutler-Hammer, Ine., 1264 St 
Milwaukee 1, Wis 

Eaton Mfg. Co Dynamatie 
osha, Wis 

Harniechfeger Corp., Milwaukee 44 

Btearns Magnetic Inc., 642 8. 28th 
waukee 46, Wiha 

Warner ctric Brake & 
Dept. E Beloit, Wis 


Paul Ave 


Div., Kes 
Wis 
Mil 


Cluteh Os 


BRASS. BRONZE 
Commercial Forms) 
and Cable, Bare 


American Brass Company, Waterbury 26 
Conn, (Also Tobin Hronze, Chromiam 
Copper and Selenium Copper Alloys) 

American Nickeloid Co., Peru 3, Ul. (Pre 
Finished Brass and Copper Sheet and 
Strip 

Chase Brass & Copper Co 
Conn 

Driver Co. Wilbur B, 
Ave., Newark 4, N. J 

Hussey & Co., C. G, Pittsburgh 

Tiseo Corp 5745 Mariemont Ave 
einnat!t 27, Ohio (Copper Tubin 

Brass, Inc., 2306 


and 
For 


COPPER (Ali 
Wire, see Wire 


. Waterbury 26 


150 Riverside 
19. Pa 
Cia 


Revere Copper & 


Part 
Ave., New York 17, N. ¥ 


BRAZING 


Chase 
Conn 

General Plate Div Metals and Controh 
‘ \ i For A ebor Mass 

Hanay & Harman, 52 Fulton, New Yor’ 
ae oe 

Leach & Garner Co., 
tleboro, Mass 

Makepeace (« D. E., Div 
and Wire Co Attleboro 

Maliory & Co., Ine » B 
6, Ind 

Ney Co J.M 


Conn 


ALLOYS, SILVER 


Mrass & Copper Co., Waterbury 2@ 


Industrial Div., At- 

of Union Pilate 

Mass 
Indianapolis 


S71 Elm, Hartford 1}, 


BRONZE. See 
also Phosphor 


Brass, Bronte & Copper; 


Bronze 


BRUSH CAPS 


Vhoenix Electri 
Chicago 24, I 

Triple M Electronents Div., Midweet 
Molding & Mfg. Co., Gurnee, Il 


Mfg. Co., 4211 W. Lake, 


BRUSHES: CARBON, 
METAL-GRAPHITE 


Graphite Metallising Corp., 
han Ave Yonkers 8, N. Y¥ 
Speer Carbon Co, St. Marys, Pe 
siackpole Carbon Co,, St. Mary's Pa 
Superior Carbon Products ine., 8116 
cieorge Ave Cleveland 5, Ohio 
United States Graphite Co., 1621 Holland, 
haginaw, Mich 
Westinghouse Electric 
Center, Bide No, 8 
Pittsburgh 22, Pa 
Wilson Co The H. & 
U.8. Route 22, Union 


GRAPHITE, 


1058 Nepper 


Gateways 
Liberty Ave., 


2658 


Corp., 
401 


Dept. E., 
N. 4 
Nee 


BRUSH HOLDERS liolders 


Commutator Brush 


BUSHINGS 
Bearing 


See Bearings and Bushings 

Composition. See Plastics, Molders 

Fibre. See Fibre, Vuicanized 

Giass. See Glass, Technical 

Hermetic Seal. See Meals & Terminals 
Hermetk 

Mica. See Mica 

Porcelain. Bee Ceramics 

Rubber. See Rubber & Hubber Products 

CABINETS, SHEET METAL. Bee Bheet 
Metal Fabricators 

CABLE. See Wire & Cable 

CABLE ASSEMBLIES and HARNESSES 
Bee Harnesses & Assemblies, Wire 

VARNISHED 


CAMBRIC, Bee Fabrice 


Insulating 


CAPACITORS 


Aerovox Corp... New Bedford, Mase 
Alreraft Mar I wet I ‘ 

& Dielectri bh » ar belize 
‘ Va 
Astron Corp., 
N. J 
Centralab 
962L BE 


Condenser 


lew! 
eth 
255 Grant Ave., BE. Newark 
Ine 
Whe 
New 
Ham 


Div of 
Keefe Ave., 
Products Ce., 
Haven Clock & Wateh Co., 
ilten, New Haven, Conn 
Cornell. Dubilier Mectric Corp., 
H-125, South Plainfield, N, J 
Erie Resistor Corp., Electronics Div, 
Pa 
Fanstee! Metallurgical 
cago, Ul, (Tantaium) 
General Electric Co., Apparatus Bales Div 
chenectady 5, N 
Johnson Co gE. F 
a. W Waseca, Minn 
Mallory & Co Inc., P. BR 
4, Ind 
Plastic Capacitors, Inc 
Chicago 47, Tl 
Sprague Electric Co., 307 
Adams, Mase 
Btackpole Carbon Co Bt 


Glebe-Unton, 
Milwaukee 1, 

Div. of 

140 


Dept 
Erte, 
North 


Corp chi 


Becond Ave 


2009 
Indianapolte 
2511 W. Moffat 
Marshall, North 
Marys, Pa 

GRAPHITE Contacts 


Bearings Dp 
Rings, Seals 


CARBON 
Electrodes 
Piles, Plates 
ete 


and 
Anodes 
Plungers 


br it r Cor ble I) 
Pa 
General Ceramice Cort Keashey, N. 2 
Graphite Metallizing Corp 1050 Nepper- 
han Ave y kere 3 Y 
Speer Carbon Co Bt Marys, Pa 
Stackpole Carbon Co mL Marys, Va 
United States Graphite Co 1621 Holland 
Maginaw 


Mich 


CASTINGS, ALUMINUM and 
MAGNESIUM. See alo 


Aluminum Co, of America, Alco 
Pitteburgt 9 Va 

Bound Brook Ol Le 
Brook, N J 

Litemetal Picas 
Ave Tackeor M 

Parker White Metal ¢ 


CASTINGS, BRASS, BRONZE 


Bound Brook O11 
Brook, °* J 
Philadelphia Bronze & 
ar. R Mallory & Ce I 

Master. Phila ‘ a 


CASTINGS, DIE 


Aluminum Co f 
Pittsburgh 19, Va 

Doehler-Jarvis Cort 
Lead Co., Toledo 

Gries Reproducer Cor 
Ave New Rochelle 

Litemetal Diecast In 
ave Jacksc Mict 

Mt. Vernor Casttr 
Conr 


COPPER 
ng Co., Bound 


Less Tear 


rass Cory 


Amer 


Die 
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Ol 


a multitude of applications 
requiring coils — Dano is 
keeping pace with today's 

changing coil needs. ‘‘Keep ‘em 


coming" is the Dano motto, and 


/ 


A multitude of coils for 


you can be sure every coil is preci- 
sion made to your exact speci- 
fications. From design engineer 
to the purchasing agent to 
Dano — a perfect ‘‘lifeline"’ 


to production. 


CALL or WRITE TODAY, 
and DANO’S quote will 


be on the way. 


‘\ 
‘“ 
», 
“ 
~ 


Bobbin Coils 

Form Wound Coils 

Paper Section Coils 

Acetate Bobbin Coils 

Cotton Interweave Coils 

Coils for High Temperature Applications 


Encapsulated Coils —in either Polyester 
or Expoxy Resins 


Also, TRANSFORMERS MADE-TO-ORDER 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 


New Jersey Zine Co 16¢ 
York 7, N. Y. (Zine Die 
loys) 

Parker White Metal Co., Erie, Pa. (Alu 
minum & Zir 

Precision Castings Co., In 
N. Y 

Stewart Die Casting. Dis 
Corp., 4535 W. Fu 
36. 


Front New 
Casting Ai 


Fayetteville 


Stewart 


Ave 


Warner 
Chicago 


ertor 


CASTINGS, INVESTMENT 
Allis-Chalmers, Milwaukee 1. Wis 
Internationa Nicke (< Ine 4 


Wall 
New York 5, NY Nicke 


and Alloys) 


CATHODE RAY 
Cathode Ray 


TUBES. See 


Tubes 


CEMENT INSULATING and SEALING 
Bakelite Co A Div. of Union Carbide & 
Carbon Corp 300 Madison Ave., New 
York 17, N . 
Biges Co, C. H 2255 
Los Angeles Calf 
Communication Products Co Ine 
boro, (Monmouth County), N. J 
du_ Pom de Nemours & Co., (In E. I 
Finishes Wilmington 98, Del 
Durez Hooker Flectrochem 
Wakk K N Tona 


Barry Ave West 


Mar 


Dept 

Piastics Div 

cai to 1402 
wanda, N.Y 

General Electric Co 
Plastics Ave, Pittsfield, Mass 

Johns-Manville Corp Dutch Brand Div 
7800 Woodlawn Ave.. Chicago 19, Il! 

Zophar Mille, Inc 112-180 26th, Brook 
yn 82. N Y 


Chemical Div. 1 


CERAMICS 


Standard & Special 
Porcelains (low-volt) 

Refractory Porcelair 

High-voltage Porcelain 

Cordierite 

Zircon Porcelain 

Mteatite Lava 

Titanates 

Cement. Asbestos 

Ferrites 


Electrical 
(A) 
(B) 
(Cc) 
(D) 
(E) 
(F) 
(G) 
(H) 
(1) 


Akron Porcelain Co 2725 Ave., 
Akron 14, Ohio (AB) 
merican Lava Corp., Chattanooga 5, Tenn 
(CDEFG) 
Centralab 
o62L, EB 
EF) 
Ceramic Specialities Co., 444 W. 6th, 
Liverpool, Ohio (ABCF) 
Colonial Insulator Co., 937 Grant, 
ll, Ohio (ABC) 
General Ceramics Corp., 
(BEFI) 
Illinois Electric Porcelain Co., P.O. Bos 
272, Macomb, Il. (AB) 
Knox Porcelain Corp., Knoxville 1, 
(&BC) 
Mycalex 
Bivd 
Mica) 
New Jersey Porcelain Co., New York Ave 
& Plum, Trenton 5, N. J. (ABE) 
Porcelain Products, Inc., 1241 Sandusky 
Findiay, Ohio 
Richardson Co., 
ll. (H 
Kostone Corp 
Square D Co., 
Mich. (A) 
Stackpole Carbon Co,, St 
Star Porcelain Co 41 
Trenton 9. N. J. (BF) 
Universal Clay Products Co, 
First, Sandusky, Ohio (A) 
Wisconsin Porcelain Co.. 115 
Prairie, Wis (ABF) 


Cory 


Div of Globe-Union, Inc., 
Keefe Ave., Milwaukee 1, Wis 


East 
Akron 
Keasbey, N. J 


Tenr. 


Corp. of America, 
Clifton, N. J 


116 
(Glass 


Cliften 
Bonded 


2709 Lake, Melrose Park 


Lafayette, 
6060 


Ind 
Rivard, Detroit 1) 
Marys. Pa 
Muirhead Ave 
1540 «EE 


Market, Sun 


CHAINS. BEAD. See Bead Chains 


CHAMBERS, TEST 


American Research Corp., 11 Brook, Bris 
tol, Conn 


CHARGERS. BATTERY 


Ther Electric & Machine Works, 11A 8 

Jefferson, Chicago 6, Ill 
CHARGERS, MAGNET. See Magnetizers 
& Demagnetizers 


CHOPPERS, ELECTRONIC 


Giraphite Metallizing Corp 1059 Nepper 
han Ave, Yonkers 8, N. ¥ 


CIRCUIT BREAKERS 


Allen-Bradley Co., 1316 8. Second 
waukee 4, Wis 

Allie Chalmers, Milwaukee 1 

Crouse-Hinds Co 

“utler- Hammer, Inc 
Milwaukee 1, Wis 

Fasco Industries. Ine 

General Electric Co 


Mii 


Wis 
Syracuse 1, N. ¥ 
1264 St. Paul Ave 
Rochester 2, N. Y 
Apparatus Bales Div 
Schenectady 5, N. ¥ 
Heinemann Electric Co., 
ton, N. J 
Pyle-National Co., 
Chicago 51. Til 
Apencer Thermostat 
Controls Corp 
Mase 
Square D Co 
kee 12, Wis 
Westinghouse Electric 
Center, Bidg. No. 3 
Pittsburgh 22. Pa 


99 Plum, Treo 
1388 N. Kostner Ave 


Div of Metals & 
112 Forest, Attlebore 
4041 N. Richards 


Cor Gateway 
40! Limerty Ave 


Milwau 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Me 3552 San Fernandc 
Kd Le Callf 


tronic Co 
Angeles 65 


SIRCUITS, ETCHED, PRINTED. 


Aerovor Corp., New Bedferd, Mass 

American Lava Corp, Chattanooga 56, Tenn 

Centralab Div of Globe-Union, Inc 
9621, B Keefe Ave.. Milwaukee 1, Wis 


etc 


FEBRUAI 


Krie Resistor Corp 
ra 

Mycalex Corp. of Americs 
tivd Clifton, N. d 

Radio ) f America 
Harriso d 

Sprague ectric Co 307 
Adame, Mass 

Telex I: Telex Park, St 

i Ss. Engineering Co Inc., 
mercial, Glendale 3, Calif 

U. 8. Gasket Co., Camden 1, N. J 


Electronics Div., Erie 


116 6Cliften 
Tube Div 
Marshall. North 


Minn 
Com 


Paul 1 


521 


CLAMPS 
Test 


Burndy 
Conn 
Ilseo Corp 
cinnatl Ohio 
Mueller Electri Co., 
Cleveland 1 Ohlo 
Sherman Mfg. Co HB 
Mich. 

Thomas & Retts Co 
Elizabeth 1, N. J 


and CLIPS, GROUND ane 


Engineering Co Inc., Norwalk 


5745 Cin 
Sist 
Battle Creek 


28 Butler 


Mariemont Ave... 


1s5ew EL 


Ine 


CLAMPS and CLIPS, SUPPORT 
Holub Industries, Inc., 445 Elm 
more, Ii 
Weckesser Co 
Chicago 30, Ill 
CLEANING COMPOUNDS, METAL 


Zophar Mills, Inc., 113-186 26th, Brook 
lyn 32, N. 


CLIPS, 
nap. 


CLOTH INSULATING. See Fabrics, In 
sulating. 


5256 N. Avondale Ave 


SNAP. See Kings, Retainer & 


CLOTH, TRACING. See Tracing Cloth. 
Film & Paper. 
CLUTCHES 


P. O. Box 115 
Weadbridge. 


Us. 
N. 2 
Cutler-Hammer, Iinc., 1264 8. Paul Are.. 
Milwaukee 1, Wis. 
Eaton Mfg. Co., Dynematie Div., Kea- 
osha, Wis. ( ) 

Stearns Magnetic, Inc., 642 B. 38th, Mil- 
waukee 46. Wis. (Magnetie) 
Warner Electric Brake & Cieteh Co 
Dept. EM, Beloit, Wis, (Magnetic) 


COAXIAL CABLE. See Wire & 
Insulated 


Cable 


COIL CORES and FORMS 

Amperteen Lava Corp., Chattancege 65, 
enn 

Cambridge Thermionic Corp., 458 Cea- 
cord, Cambridge 38 Mass 

Cleveland Container Co., 6201 Barbertes 
Ave., Cleveland 2, Ohle 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del 

Gries Reproducer Corp., 125 Beechweod 
Ave.. New Rochelle, N. Y. 

Mycalex Corp. of America, 116 Cilftes 
Bivd.. Cliften, N. J 

National Vulcanized Fibre Co., Wilmieg- 
ton 99, Del 

Parmount ree Tube Co., 612 Lafay 
ette, Fort Wayne 2. Ind 

Precision Paper Tube Co., 2085 W 
Charleston, Chicago 47, Ill 

Redio Cores, Inc., 9540 Tulley Ave., Oat 
Lawn, Til 

Resinite Corp., Div. of Precision P 
Tube Co 2085B W. Charleston, i 
cago 47, Tl 

Stackpole Carbon Co St 
(Serewtene “Molded Tron) . 

Stever Pr t I 8 Mai ast 


Marys, Pa 


Orar 


U. 8. Gasket (o., Camden 1, N. J 


COILS and WINDINGS 

Aeme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Caledonia Electronics & Transformer Corp. 
Dept. EM-1, Caledonia, N. Y. 

Cambridge Thermionie Corp., 453 Concord 
Cambridge 38, Mass. 

3349 W. Addison 


Comar Flectric Co., 
Chicago 18, Til 
Coto-Cot! Co., Ine., 68 Pavilion Ave., 
Providence 5, BR 
Cutler-Heammer, Inc., 1264 St. Paul Ave 
Dano Electric Co., 98 Main, Winsted 
Conn 
Deluxe Cotls, Ine., 1800 First, Wabash 
Ind 
Dormeyer Inctustries, 8424 Milwaukee Ave 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland R4., Clifton, N. J 
Five Star Co.. Plants Place, Planteville 
Conn 
Div., Schenectady 5 : 
Gries Reproducer Corp 125 Beechwood 
Ave.. New Rochelle, N. ¥ 
Nothelfer Winding Laboratories, 111 Albe 
marie Ave.. Trenton 8, N 
rison, N. J 
Ther Flectric & Machine Works, 
Jefferson, Chicago 6, ™M 
Untversal Mfg. Co., 410 Willetde 
Hitistde, N. J 


Milwaukee 1, Wis 

Chicago 41, Tl 

General Fleetric Co Apperstue Bales 
Radio Corp. of Ameries, Tube Div., Har 


111A ®# 


Ave 


COIL WINDING MACHINES 


Cot! Winding Equipment Co., Oyster Bay 
mn. ¥. 

Rex Rheostat Co., Baldwin, N. ¥ 

Stevens Manufacturing Co., Ine., fone 
Pulaski Ro. at Peterson, Chicage 80, Il) 

Universa! Mfg. Co., 410 Hillside Ave 
Hillside, N. J 

Universal Winding Ce, P.O. Box 1606. 
Providence 1, B. I. 


COLD HEADED PARTS. See Fasteners 
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(OST NO MORE - WHY TARE LESS ? 


You save, because there can be no waste with the 
industry’s only Performance-Guaranteed Tape 
Wound Cores. You also get the widest choice of 
standard sizes, and for a slight additional cost 
can specify your tape wound cores in the remark- 
able Aluminum Core Box* in any size. For com- 
plete details, why not write for your copy_of 


Magnetics, Inc. Catalog TWC-100 today”? 


Aa 


MAGNETICS, INC., DEPT.EM-23 BUTLER, PA 


*patent pending 


READER INQUIRY SERVICE CARDS, PRECEDING 





SYNV7TRON 
SELENIUM RECTIFIERS 


e Vacuum Process insures uniform, high quality 


forward 
greater efficiency 


« Lowest voltage drop means 


« Extremely low aging results in extended 


e Greatest range of cell sizes in the 
industry—from 1” square to 12” x 16 


e Installations in actual operation 
range up to 600 kw 


...And For Lower 


Production Costs 


ELECTRIC HEATING ELEMENTS 


\ ——_< <> 


thin strip design 
uniform distribu 
tion. Full heat in a few seconds 
requirement 


PARTS FEEDERS 


Automatic, oriented, single line feeding of 
parts at finger-tip controlled speeds. Han 
dle parts of practically any shape or ma 
Vibratory operation 
matic handling 


ideal for auto- 


Write today for complete catalogue data — Free 


SYNTRON COMPANY 


490 Lexington Ave 


COMMUTATORS 


hucctro Le Cofp., 
Ma Reteact, N. 4 

Kithewnd (vumutator Co, 4855 W 
Lieveians ii, Ufle 

Nippert fiectric Products (o., 1750 W. 
Muund, Comumbus 23, Unio 

Triple “M FKiectronenta Wiv., Midwest 
Molding & Mfg. Co., Gurnee 96, IL 

Westinghouse Electric Corp., Gateway Cen- 


ter, Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Psa 


4 Romaneili, 
130th, 


COMMUTATOR SAWS and SLOTTERS 
Holub Industries, Inc., 445 Elm, Syes- 


more. Ill. 
Ideal Industries, 1008 Park Ave., 


Inc., 
Sycamore, [il 
COMPOUNDS, SEALING. 
Insulating & Sealing; 
Compounds 


See Cement, 
also Waxes and 


COMPOUNDS, VARNISH. Bee Varnishes 
Compounds and Resins, Insulating. 


COMPUTER COMPONENTS 


Doelcam, Div. ef Minnespolis-Honeywell 
Soldiers Field Rd., Boston 85, Mase 
Federal Telephone and Radio Co, Div. of 
International Telephone and Zelegregs 
Corp., 100 Kingsland Kd., Clifton, N. J 


Giannini & Co., Ine., G. M., Pasadena 1 
Calif 


CONDENSERS. Hee Capacitors 


CONDUIT FITTINGS 


Appleton Electric 
Ave., Chicago 13, Il 
Buchanan Electrical Products Corp., 
Rte. 22, Hillside, N. J 
Crouse-Hinds Co., Syracuse 1, 
Pyle-National Co., 
Chicago 51, Til. 
Simplet Electric 
Sycamore, Ill 


Co., 


1728 Wellingtos 


, 
1388 N. Kostner 


1008 Park Ave 


Ave 


Co., 


CONNECTORS, WIRE and CABLE 


Alrcraft-Marine Products, 2100 Pas 
ton, Harrisburg, Pa 

American [brass Co., Waterbury 20. Conn 

American I’henolie Corp., 1836 8. 64tb 
Ave., Chicago 50, Il 

Bendix Aviation Corp., Scintilla Div., @14- 
ney, N. Y. 

Buchanan Electrical 
Rte. 22. Hillleide, N. J 

Puggie. Inc., H. HL, P. O 
Millbury, Obio 

Burndy Bosiaserins 
Conn 

Cannon 
500 
Callf 


Inc., 


Products 228 


Box 817 


Corp... 


Co., Inc., Norwalk 


Electric 


Development 
3209 


Co., Dept 
Humboldt, Los 


Angeles 31 


Crouse-Hinds Co., Syracuse 1, N. Y 

DeJur-Amsco Corp., 45-01 Northern Blvd 
Long Island City 1, N. ¥ 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn 

Holub Industries, Inc., 445 Elm, Gyce 


more. Iii 
Ideal Industries, 1008 Park Ave 


Sycamore, Ii! 
Iisco Corp 5745 Mariemont 
cinnat! 27, Ohio 
Johnson Co., E ns 
8.W.. Waseca, Minn 
Joy Manufacturing Co., 
Bldg., Pittsburgh 22 
Krueger & Wudepohl, 
tinnat! 2, Oho 
Pyle-National Co., 
Chicago 51, Tl 
Russell & Stoll Co., 
New York 7, N. ¥ 
Sherman Mfg. Co., H 

Mich 
Boreng Products Corp., 
Schiller Park, Til 
Bwitcheraft. Inc., 1828 N, 
cago 22 Ti 
Thomas & Betts 
Elizabeth 1 


Inc., 
Ave., Cin 
204 Second Ave 
Henry W. Oliver 
Pa 
Walsh Bidg., Cin 
1388 N. Kostner Ave 
125 Barclay 
B., Battle Creek 


9551 


Inc., 


Boreng Ave 
Halsted, Chi 


Co., 28 


N. J 


Ine., Butler 


CONTACTORS 


MAGNETIC. Bee Relay: 
& Contactors 


CONTACTS and CONTACT POINTS 
Brainin Co.. C. 8., 818 Washington, Mi 
Vernon, N.Y 
Fanstee! 
cago 
General 
trial 
General 


Metallurgical Corp., North Chi 
Tl 
Findings and Supply Co., Indus 
Div, Attleboro, Mass 
Pilate Tiiv., Metals and Control 
Corp., 41 Forest, Attleboro, Mass. 
Gibson Electric Co 8349 «=6Frankstowr 
Ave. Pittsburgh 21. Pa. 
Graphite Metallizing Corp., 1059 Nepper 
han Ave., Yonkers 8. N ; 
P. B. Indianapolts 
Fim, Hartford 1 


Mallory & Co., Inc., 
6. Ind 

Ney (o.. J. M., 871 
Conn 

Mtackpole Carbon Co, St. Marys, Pa 

Superior Carbon Products, _Ine., 
George Ave.. Cleveland 5, Ohio 

Wilson Co.. The H. A., Dept 
U. 8 Route 22, Union, N. J 


oli 
E., 2655 


CONTACTS. 
Oraphite 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 11. N. J 


CARBON. Bee Carbon 6 


CONTAINERS. PACKAGING and SHIP- 
PING. See also Boxes and Crates, Wire 
bound 

Gaylord 
Zellerbach 

Rathborne 
1440 W 


Container Corp Div. of 
Corp.. Bt. Louis 2, Mo. 
Hair and Ridgway Box Co 


2ist Place, Chicago 8. Ti 


CONTRACT MANUFACTURING 


Aluminum Goods Manufacturing 
Manitowoc, Wis 


Crown 


Co. 
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‘ ase Brass & Copper Ca, Waterbury 20, 
Sonn. 

Elgin National Watch Co, Ordnance Div., 
Eigin, Iu. 

Kirk and Blum Manufacturing Co., 3123 
Forrer, Cincinnati 9, Ohio 

Lion Manufacturing Corp., 2640 Belmont 
Ave., Chicago 18, LiL. 


CONTROLLERS, MOTOR 
Allen-Bradley Co., 1316 8. 2nd, Milwee- 


kee 4, Wis 

Allis-Chalmers, Milwaukee 1, Wis. 

Bogue Electric Manufacturing Co., 60 lowe 
Ave., Paterson 3, N. J 

Bristol Co., Waterbury 20, Conn. 

Clark Controller Co., 1146 E. 
Cleveland 10. Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y 
, Inc., 1264 Bt. Paul Ave., 

. Whe 
Pusnes Electric Co., 1024 McKee, Batavia, 


Genera! Electric Co., Apparatus Sales Div., 
Schenectady 5. N. Y 

Harnischfeger Corp., Milwaukee 46, Wis. 

Russell & Stoll Co, Ine., 125 Barclay, 
New York 7, N. Y 

Square D Co.. 4041 N 
kee 12, Wis 

Ward Leonard 
Mount 


15204, 


Richards, Milwau- 
Electric 


Co., 
Vernon, N. ¥ 


600 South 


CONTROLLERS, POTENTIOMETER 


Bristol Co., Waterbury 20, Conn 

TAGliabue Instruments Div,, Weston Klee 
trieal Instrument Corp,, 614 Frelinghuy- 
sen Ave., Newark 5 4 

Wheelco Instruments 


Div., Barber-Colman 
Ca, 1403 Rock, 


Rockford, Ill. 


CONTROLS, FLOAT and LIQUID 
LEVEL. Sce Switches. 


CONTROLS, PHOTOELECTRIC 


Ree 
Photoelectric Controls 


CONTROLS, PRESSURE and TEMPER- 
ATURE. See also Relays, Switches, 
Thermostats 

Acro 
Ohio 

Allen-Bradley 
kee 4, Wis 

Assembly Products, 
Ohio 


14, 
Barber-Colman Co., 1403 Roek, 
Rockford, 111 


Bourns Laboratories, 6135 Magnolia Ave., 
Riverside, Calif 

Bristol Co., Waterbury 20, Conn 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1. Wis 

Edison, Inc., Thomas A., Instrument Div 
Dept. 53, West Orange, N 

Fenwa!l Inc., 112 Pleasant. Ashland 

G-V Controls, Inc 8 Hollywood 
Kast Orange. N. J 

General Contr 
Glendale | alif 

General Electr ‘ Apparatus 
Bchenectady 5, N. Y 

General Thermostat Corp., 10 Albany Ave., 
Bartlett. N. H 

Mercoid Corp., 4201 
cago 41, Til 

Robertshaw Thermostat Div., Robertshaw 
Fulton Controls Co.. Youngwood, Pa 

Spencer Thermostat Div. of Metals & Con- 
trols Corp., 191 Forest. Attleboro, Mase. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12. Wis 

TAGIliabue Instruments Div., Weston Elee- 
trical Instrument Corp., 614 Freling- 
huysen Ave... Newark 5, N. J 

Thermo Flectrie Co 109 Fifth, Saddle 
River Township Rochelle Park Post 
Ofve NI 

I t ¢ George, 4 Muar 
N. 2 

Wheelco Instruments 
oa. 1402 Rock 

Wierand © ' 
rn Pittsburgh & P 


Manufacturing Co., 


1316 8 


Columbus 


2nd, 


16, 
Co., Milwau 
Inc., Chesterland 


Dept. A, 


Mase 
Piaze 


en! Allen Ave 


Sal 


es Dir., 


Belmont Ave., Chi- 


Newark 5 


This NKarber-Colman 


Rockford, TH 
win 1 0 Thomas 


CONTROLS, REMOTE. See Push Button 


Stations Relays and Contactors; 
Switches 


CONTROLS 
tors 


RESISTANCE 


Reste- 
also Kheostats 


Bee 


CONTROLS, SERVO 


Bee Servomechan- 
ieme 


COPPER. See Brass. Bronze & Copper 


COPPER, BERYLLIUM. See Beryllium, 
Copper 


corRD 
CcoIL 


Insulation Manufacturers 
Washington Bivd., 
Mica Insulator Co., 
Varflex Corp., 300 N 
Westinghouse Electric 
Center, Bldg. No. 3, 
Pittsburgh 22, Pa 


and TWINE, ARMATURE ané 


Corp., 565 
Chicago 6, Ill 
Schenectady 1. N_ Y. 
Jay, Rome, N. Y 
Corp Gateway 
401 Liberty Ave., 


w. 


coro. 


Cable 


INSULATED 


Insulated 


See Wire and 


CORD, RESISTANCE LINE 


ance Line Cords 


See Resist- 


coRD 
Belden 


SETS 
Mar Co 
i 
In., 


ifacturing 
Buren, Chicago 44 
Cornish Wire Co., 
York 7, N. ¥ 
Cords Lid. Div., Eesex Wire Corp., 
Dodge, DeKalb, Ill 
Crescent Co., Carol Cable Div 
RK. I 
(eenerai 
rials 


4633 W. Van 
50 Church, New 
121 


. Pawtucket, 


Flectric 


Co., Construction Mate 
Di 


Bridgeport 2, Conn 


MANUFACTURING 





AIR CIRCUIT DESIGN AND COST SIMPLIFIED 
BY AIR CYLINDER WITH 
BUILT-IN VALVE... 


VALVE AND ALL OPERATING 
CONTROLS ARE INTEGRAL 
WITH THE CYLINDER. 

Only one air connection 

is required. 


In pneumatic circuits the 
closer the valve to the cylinder, 
the faster, more economical and 
more efficient is the operation. The 
advantages of “close-coupling” are uni- 
versally recognized by pneumatics engi- 
neers. But only Bellows offers the ultimate 
in ‘‘close-coupling’ — an air cylinder and valve 
as one integral unit. 


This unique Air Cylinder, with its built-in valve, is 
known the world over as the Bellows Air Motor. It has 
brought a new simplicity and effectiveness to pneumatics 
operation. It has created an entirely new conception of 
the use of air power in production processes. 


In the decade since the first Bellows Air Motor was built 
almost 20,000 manufacturers have installed these compact 
power units. In many plants as many as a thousand Air 
Motors are in use; in many plants Bellows Air Motors 
operate 24 hours a day, month in, month out, building 


THIS 20-PAGE BOOKLET 
TELLS THE STORY.... 


Net Wealien Miele No matter what you make, how big or how small your 
let just off the plants, you can use Bellows Air Motors to speed produc- 


press. Filled with tion and cut costs in a host of operations. 
helpful data every 


operating records of thirty, forty, even fifty million cycles, 


production man 


can use. Free on 


cur He Bellows Co. 


Write Dept. EM256 The Bellows Co., AKRON 9, OHIO 
Akron, Ohio. In Canada Bellows 


Pneumatic Devices of Canada, Ltd 
Toronto 18, Ontario, Canada 


‘‘CONTROLLED AIR POWER’’ FOR FASTER, BETTER, SAFER PRODUCTION 


READER INQUIRY & ICR CARDS, PRECEDING BACK 439 





look to 


SEW ae Rel 


for UNIFORM QUALITY 
DEPENDABLE DELIVERY 


NATIONAL LOCK combines long-term experience, 
extensive plant capacity and skilled personnel toassure 
you products of highest quality. In looking for a de 
pendable supplier of special fasteners, funcuonal or 
check with NATIONAL LOCK 


facilities can be 


decorative hardware 


Undoubtedly, our of service 


to you 
Write us for complete information 


Bolts for Wood 


Pressure Zinc Die Castings © Chest Locks 

Cabinet Locks 
plastic and Thermo Setting © Handles and Pulls @ Butts 
Locks and Built-In 
Both Standard 


and Custom ® Extensive Line of Kitchen Cabinet Hardware 


® Screws and and 


Metal Applications 
© Sumpings 


Friction Catches @ Plastics, Thermo 


and Hinges © Combination Shackle 


Locks ® Refrigerator and Stove Hardware 


QUALITY HARDWARE . . . ALL FROM J SOURCE 


NATIONAL LOCK COMPANY 


ROCKFORD, ILLINOIS 


ed 


doy Manufacturing Co., Henry W. Oliver 
sidg., Pittsburgh 22, Pa. 
Phalo Plastics Corp., Commercial & Fos 
ter, Worcester 8, Mass, 
Royal Electric Co., Inc., 
U. 8. Rubber Co., 
York 26, N. ¥ 
Westinghouse Electric Cerp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 
Whitney Blake Co., 
Wire Stripper Co 
Kast Cleveland 12 


Pawtucket, BR. 1 
Rockefeller Center, New 


New Haven 14, Conn 
1729 Eastham Ave., 
Ohio 


CORES. POWDERED METAL. Bee Cores 
Transformer; Powdered Metal Prodects 
CORES 


REFRACTORY. Bee Ceramics 


CORES, TRANSFORMER 


Acme Electric Corp., Cubs 
American Lava Corp., 
Tenn 
Arnold Engineering Co., Marengo, Ml 
General Ceramics Corp... Keasbey, N. J 
Magnetics, Inc., Dept. EM-26, Butler, Pa. 
Radio Cores, Inc., 9640 Tulley Ave, Oat 
Lawn. Til 
Stackpole Carbon Co., St 
Thomas & #kinner, Inc., 
Indianapolis 7, Ind 
Westinghouse Electric 
Center, Bide. No 
Pittsburgh 22, Pa 


» © 
Chattanooga 6 


Marys, Pa 
1114 E 28rd 
Corp., 


Gateway 
8, 401 


Liberty Ave 


CORK and CORK COMPOSITIONS 


Armatrong Cork Co., 7010 Ingersol. Len 
caster, Pa 


COUNTERS. See also Instruments, Elec 
tronic; Relays 


Bowmar Instrument @orp., 
vania Ave.. Fort Wayne, Ind 

Rristol Co.. Waterbury 20, Conn 

wagte Signal Corp 202 20th, Moline 1 
1 

Kellogg Switchhoard and Supply Co 78 
W. Monroe. Chicago 3, Til 

National Acme Co., 176 E 
land &. Ohto 

Production Instrument Co., 
Jackson Bivd., Chicago 6. Tl 

Veeder-Root. Inc., Hartford 3, Conn 


2415 Penney! 


13let. Cleve 


700-04 W 


COUPLINGS. CLUTCH. See Clutches 


COUPLINGS. FLEXIBLE 

Eaton Mfe Co, 
orha, Wis 

Gerbing Manufacturing Corp., Dept 
Northbrook, Til 

Kepnere Co.. Inc Pasta Coupling Dept 
2700 Scott, Baltimore 8, Md 


Dynamatic Div., Ken 


EMé6 


CRYSTAL 


conductor 


DIODES. Bee Rectifiers. Remi 
Transistors & Crystal Diodes 


CRYSTALS, QUARTZ 


Radio Corp. of America 


Tube Div.. Har 
rison, N. J 


DECALCOMANIAS 


American Decaleomanta Co 


Ine., 4334 W 
Fifth Ave 


Chicago 24, TIL 


DELAY LINES. Ree Compo 
nents 


DIAL LIGHT ASSEMBLIES. See Lights 


! t & Indicator 


Computer 


DIALS and PANELS 
Mica Insulator Co., Schenectady 1. N Y 


DIE CASTINGS. See Castings, Die 
DIE CASTING MACHINES 

Kur Machine © 6725 N. Ridge Bivd 
Chicag f I 


DIELECTRIC HEATING 
re iT 


UNITS. See 
« Unit 
DIE SETTING TOOLS 


DIES, PRECISION, LAMINATION, Ete 


A Tle Co 164 Eddy 
o 


DIODES See Rectifiers Sen 
Tra we & Crystal Diodes 


DRAFTING EQUIPMENT and 
MATERIALS 


4700 §=Montrose 


ken, N. J 
Aniline & Film 
n City, N.Y 
ne Corp TUF 
Ohle 
DRIVES, BELT 


haline Milwaukee 1, Wis 


g Vor 


ORIVES, ELECTRONIC. See alec 


Mfg ‘ 


Drives 


Dynamatt Div 
paratue Sales 


eering ¢ 
110. Oni 

f Electro- Devices 
Paterson 1, N. J 


Westinghouse Electric Cor Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


DUCTS, WIRING 

Spaulding Fibre Co 
wanda, N. ¥ 

Stahiin Brothers Fibre Works, Inc 
E, Beiding, Mich 

Taylor Electric, Ine., 
23. Mieh 


(Control Panel) 


308 Wheeler. Tona 


Dept 
15402 


Dale, Detroit 


DUPLICATING MACHINES, 
Bee Benders, Brake & Shears 


DIELESS 


DYNAMOMETERS 


Keaton Mfg. Co 
osha, Wis 
General Electric Co., Schenectady, N. Y 
Robbins & Myers, Inc., Springfield 99% 

Ohio 

Scherr Co Ine 
fayette, New York 17, N.Y 
Westinghouse Electric Corp Gateway 
Center, Bidg. No, 8, 401 Liberty Ave 
Pittsburgh 72, Pe 


Dynamatic Div., Ken 


George, 200EM La 


ELECTRICAL 


SHEETS. See Steel 


ELECTRONIC COMPONENTS. See spe 
cific headings 


ELECTRONIC TUBE COMPONENTS 
(Bases, Caps, Lead-in Wires, Stamp 
ings, Welds, Ete.) 

American Corp 
Tenn 

Pngineering Co. 27 
N. 4 


Lava Chattanooga 


Wright, Newark 


ENAMELING SHEETS. See Steel, Com 
mercial Forms & Grades 


ENAMELS. See Lacquer, Enamels & Var 
nishes, Finishing 


EYELETS and GROMMETS 


Chase Brass & Copper Co., 
Conn E 

General Findings and Supply Co lk 
dustrial Div Attleboro, Mass 

Goshen Rubber Co, Inc, FP, O. Box 
517, Goshen, Ind 

Revere Copper & Brass, Inc., 230 
Ave New York 17, N. ¥ 

{ S Gasket Co. Camden 1, N. J 


Waterbury 20 


Park 


FABRICS, INSULATING. (Sheets, Tapes 
Yarns, Thread, Cord, Ete.) 


Giase-Fiber, Varnished Cambric, Cotton 
Linen Silk Asbestos etc Bee also 
Tape and Synthetile Kesio 
Tubing and Braided Fabri 


Sheeting 
Sheeting 


acme Wire Co., 1225 Dixwell Ave New 
Haven 14, Conn 
Bentley, Harris Mfg. Co., 
Conshohocken, Pa 
Celanese Cory of 
Newark 5, N. J 
Continental -Diamond 
13 Del 
Cottrell Paper Co., In 
Kiver, Mass 
Dow Corning Corp 
Electro- Technical 


1201 Barclay, 


America, 200 Ferry 


Fibre Co Newark 


88 Purchase, Fall 


Midland, Mich 
Products, Div. of Sun 
Chemical Corp., Nutley 10, N. J : 
General Electric Co., ae Div l 
*lastics Ave Pittsfield 
Insulation Manufacturers Corp 65 WwW 
Washington Bivd., Chicago 6, Il! 
Irvingtor Div Minnesota Mining a 
Manufacturing Co., 9 Argyle Terrace 
Irvington 11 N. J 
Johns-Manville, Box 60, New 
ho. 
Johns-Manville Corp Dutch Brand Div 
7800 Woodlawn Ave., Chicago 19 iil 
Mica Insulator Co Schenectady 1, N. ¥ 
Minnesota Mining & Mfg. Co Electrica 
Products Div 900 Fauquier Ave st 
Paul ¢ Minn 
Molded Fiberglass Bheet Co 4315 Benefit 
Ave Ashtabula Ohlo 
Natvar Corp 207 Randolph Ave 
bridge N J 3 
New Jersey od Fintehing ¢ tlectri« 
Insulation Dept., Woodbridge, N 
Owert Corning Fiberglass Cort 
sor Ave New York 
Kaybestos-Manhatta ! 
e D Manheim. Pe 
K M f ‘ 


York 16 


Wood 


Varfiex Cort +N. Jay. Rome, N. Y 

Westinghouse Electrte Core (pateway 
Center. Ride Ne 8. 401 Liberty Ave 
Pittehburet 4 Pa 


FANS and BLOWERS 


Bogue Electric Manufacturing Co., 60 lows 
Ave Paterson 3, N. J 

Die Manufacturing Co 
f The Singer Manufacturing Co 

e N. J 

Easter Air Devices, Inc 883 
Ave, Dover, N. 

Emerson Electr Mfg. Co, St 
Mo 

Fasco Industries, In 100 
hester 2 N y 

Heinze Electric Ce 
ell, Mass 

Koppers ¢ Ine Propeller 
Scott, Baltimore 3, Md 

Robbins & Myers Ir 
Bpringfield 99. Ohio 


FASTENERS (Bolts & 
Snap Assemblies Pins 
Washers & Screws 
Screws Rivets Screws 


Electrical Diy 
Somer 


Centre 


Louls 2 
Augusta. He 
», 685 Lawrence. Low 
Dept 
Propeller D 
Nuts Lock &@ 
Pre-assembled 
Recessed Head 


Washers 


Bolts and Nuts 
Machine Bolts and 
Stove Bolt B 


Nute 
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CT oo 
a Packaged 
1D lectronie Don’t confuse 


with this...called a 
Circurt printed circurt 


it pays to know the difference! 


/ 


<R> A Centralab Packaged Electronic Circuit (P.E.C.*) is a 
complete circuit, which can include capacitance, resistance, and 
inductance in addition to wiring 


SRE Circuit performance can be guaranteed with Centralab P.E.C.'s 
because they are manufactured and tested on a performance basis 


<<RD> A Centralab Packaged Electronic Circuit offers (a) Operating 
life many times that of conventional components; (b) Reduction 
in size, weight, and assembly cost; (c) Saving in soldering time 
(d) Elimination of wiring errors. 


<Ri Over 160 standard P.E.C. designs are available for your immediate 
use. For your special requirements, ask for custom design 


<RD> 60 million Centralab P.E.C.’s are in use in the electronics industry 


For complete basic data, write for Technical Bulletin 42-227 


A DIVISION OF GLOBE UNION INC. 
967B E. Keefe Avenue Milwaukee 1, Wisconsin In Canada: 804 Mt. Pleasant 


“tip er al a 
| AE : Wy 
” SS ; a %A% . 


SINCE 1922, INDUSTRY'S NO. 1 SOURCE OF STANDARD AND SPECIAL COMPOWEWTS 


KEADET NOUIRY ‘ Ds, PRECEDING 





ORGANIC 


E2150 


COMPOUND 


Non-carbonizing, highly heat resistant 


moldings for a Size 4 Contactor. 


da 


duced from stone-like ROSITE 2150 with 
nal accuracy. Metal inserts. 


Offering’ Built-In 


Arc Quenching” 


ROSITE 2150 is a specially formulated material pos- 


sessing “built-in arc quenching” characteristics. 
result, it is a superior material for applications in an 


As a 


electric arc. Its arc quenching ability has, in some 
instances, increased arc interruptive capacity of Line 
Starters as much as one full size solely through 
change to this cold molded composition. It has proven 


its value over a wide 


range 


from very small devices 


interrupting currents as low as 10 amperes to large, 
high voltage equipment interrupting 25,000 KVA. 


Rostone Corporation provides this material custom 
molded for many leading manufacturers of electrical 


equipment. We invite you to make inquiry 


WRITE TODAY. 


available for test. 


samples 


PRODUCED EXCLUSIVELY BY 


OSTONE 
CORPORATION 


d Custom cS Voldenrs 


a 


ongines 114 an 


123 South Earl Avenue 


Lafayette, Indiang 


| Gries 


Belf-Locking Nuts (C) 

Sheet Metal Lock Spring Assembly Nuts 
‘D) 

Screw Thread Inserts (KE) 

Cold Headed and Rolled Threaded Pins 
Studs and Special Parte (PF) 

Cap Nuts (G 

Spade Holts 7 

Welding Nuts (Clinch-on) (N) 

Wing Nuts (W) 


Aluminum Co. of Americs, 
Pittsburgh 19, Pa. (A) 

American Screw », Willimantic, Conn 
(BF Cold Header Sere 

wnti-Corrosive Metal Products Co., Ine 
Castleton-on-Hudeor N. Y. (A) 

Bristol Cc Waterbury 20, Conn. (A) 

Buffalo Bolt Co., N. Tonowands, N. Y 
(AB) 

Burr Png 
Conr 

Central Screw Co., 3501 8. Shields Ave 
Chicago 9, DIL (ABFSW) 

Chare Hrase & Copper Co 
Conn. (ABCF) 

Chicago Screw Co 2517 
Bivd Bellwood, Tih (A) 

ontinental Berew Co., New Bedford, Mass 
(AB) 

Elastic Stop Nut Corp 
R-38-122, 2330 
N. J. (ACDEN) 

Reproducer Corn 128 Weechwood 

Ave.. New Rochelle, N. Y. (GW 

Harper ¢ H M R204 Le t Ave 
Morton Grove, I 4H 

Hassall Inc John vu 
Westbury, L. I N Y. ¢ 


Aleos Bids 


neering Co I Norwalk, 


. Waterbury 20 


Washington 


of America, Dept 
Vauxhall Rd, Wnion, 


Boz 2225 
*) 


He ee Corr Shelter Thowk I 


Danbur Cont 

Kevsrone Bolt & Nut Corp 
New York 7, N. Y¥. (AB) 

Tamson & Sessions Co 1981 W &hith 

MacLean-Pogg Lock Nut Co., 5535 N. Wol- 
Cleveland 2. Ohio (ABCDF) 
eott Ave.. Chicago 40. TH (C) 

Milford Rivet & Machine Co., Milford 
Conn. (BF) 

National Lock Co.. Rockford, Tl. (A) 

Painut Co., Bub. of United-Carr Fastener 
Corp. 66 Cordier, Irvington 11, N. J 
(c) 

Parker-Kalon Div 
Transportation Corp 
York 14. N. Y. (AR) 

Prestole Corp., 1345 Miami, 
Ohte (D) 

Progressive Mfz. Co. 44 Norwood. Tor 
rington, Conn (ABF) 

Shakeproof Div. of Lllinotse Tool Works 
it N. Keeler Ave., Chicago 89, II! 
(pD) 

South Chester Corp., Southeo Div 
N. Governor Printz Blvd... 
(CDEF) 

Standard Pressed Steel Co., 
Pa. (AN) 

Thompson-Bremer & Co Buh Americar 
Machine & Foundry Co.. 520 N. Dear 
born, Chicago 10, Til (C) 

Tinnerman Products. Inc. P. O 
Cleveland 1. Ohle (D) 

United-Carr Fastener Corp., 
42, Mass. (ACDE) 

Wenco Mfg. Co., 1136 W 
cago 22, Til (8) 


127 Church 


Generel American 
200 Varick,. New 


Toledo 5 


. Srd & 
Lester, Pa 


Jenkintown 9 


Box 6688 
Cambridge 


Hubbard, Chi 


Lock & Snap Assemblies (Door Panel Shelf 
Support & Mounting, etc.) 
Dimeo-Gray Co., 210 KE. Sixth 
Ono 

General Tire & Rubber Co 
Products Div Wabash, Ind 
Simmons Fastener Corp 1752 N 
way. Albany 1, N. ¥ 

Vibrex 
N.Y 


Dayton 7 
Industrial 
Broad 


Fastener Corp., Mount Kisco 1 


Pine—Cotter (F Locking and Taper (GQ) 
Spiral Coil (M) 


Anti-Corrosive Metal Products Co., Ince 
Castleton-on-Hudson, N. Y. (PF) 

Chase Brass & Copper Co., Waterbury 20 
Conn (F) 

Chicago Berew Co., The, 2517 Washington 
Bivd Bellwood, Tl (a) 

Elastic Stop Nut Corp. of Amertea, Dept 
38-122, 22330 Vaurhall Rd... Union, 
N.J 

Lamson & Sessions Co 1981 


W. 85th 
Cleveland 2, Onto (F) 


Pre-Assembled Washers and Serews 


American Screw Co Willimantic, Conn 
Central Screw Co., 3501 8. Shields Ave., 
Chicago 9. TN 
ontinental Screw Co., New Redford. Mass 
Lamson & Sessions Co., 1981 W Sth 
Cleveland 2%. Ohto 
National Lock Co., Rockford, Ml 
Russell, Burdeall & Ward Bolt and Nut 
Co Port Chester, N. Y 
Shakeproof Div of Tilinols Tool Works 
2501 N Chicago 39. IN 
Sout Boutheo Div., 3rd & 
vernor Printz Bivd., Lester, Pa 
peon-Bremer & Co Sub. American 
vine & Foundry Co., 520 N. Dear 
Chicago 10, I 
arr Fastener 
Mase 


Keeler Ave 
Chester Corp 


Corp Cambridge 


Recessed Head Screws 


Allmetal Screw lroducte €o Inve 821 
Stewart Ave., Garden Cits, N. ¥ 
America Serew Co Willimantic, Conr 
Atlantic Works Ine 85) «Charter 
Oak Ave Hartford, Conn 
Blake & Johnson, Waterville 8 
iristol Co Waterbury 70 
Central Merew Co S501 #8 
Chicago ¥, Mi 
Chase Brass & Copper Co 


Screw 


Conn 
Conn 
Shields Ave., 


Waterbury 20 

Contr 

Chicago Screw Co., The, 2517 Washington 
K Bellwood, 1 

Continental Screw (r 

cagie Lock Co “8 


New Bedford. Mass 
Main, Terreyviisce 


Eleo Tool & Screw Corp, 199 W 
wood Ave., Philadelphia 40, Ps 

Great Lakes Merew Corp., Chicago, MM 

Marper «« H M e704 Lehigh ave, 
Morton tirove, I 

Hi ‘ Cor = rc Kok I 
Da r ‘ 

Keystone Bott & Nut Corp 127 Churen 
New Yorn 7, N. Y 

Lameon & Sessions Co., 1991 W. 
Cleveland unto 

Milford Kivet & 
Conn 

Na al Lock Co., Rockford. M1! 

National Screw & Manufacturing Co 
FE. 75tr Cleveland 4, Onto 

Parker-Kalor ite General American 
Transportation Corp 200 «Varick New 
York 14. N. ¥ 

Rockford Screw Producta Co.. Rockford, M1 

Rorew Researct: Assortation 706 «Union 
Trust Bide Providence 3, R. I 

BShakeproof Lis f iiltnote Tool Works 
27501 N. Keeler Ave Chicago 89, It 

Southington Hardware Mfg. Co., South- 
ngton, Conr 

Standard Pressed Steel Co 
Pa 

Thompson-Bremer & Co., Sub 
Machine & Foundry Co 
borr Chicago 10, It 

Wales- Beech Corp., Rockford, Il 


Green- 


B5th, 


Machine Co Milford, 


, 2440 


Jenkintown 9 


American 
570 N. Dear 


Rivets 


Aluminum Co. of America, 
Pittsburgh 19. Pa 

Anti-Corrosive Metal Products Co., Ine., 
Castieton-on-Hudson, N. Y¥ 

Chase Brass & Copper Co., Waterbury 20. 
Conn, 

Chicago Rivet & Machine Co., 9609 W 
Jackson Bivd.. Bellwood, Til 

Continental Screw Co., New Bedford, Mase 

du Pont de Nemours & Co. (Inc.), B. 
Explosives Dept., Wilmington 98. Det 

Gries Reproducer Corp 125 Beechwood 
Ave.. New Rochelle, N. ¥ 

Harper Co.. H. M., 8204 Lehigh Ave., 
Morton Grove, Til 

Hassall, Ine., John. P.O. Box 2225 West- 
bury, L. ., N. ¥ 

Keystone Bolt & Nut Corp., 127 Church. 
New York 7, N. ¥ 

Milford Milford. 
Conn 

Progressive Mfg. Co., 44 Norwood, Tor- 

ard & 
Lester. Pa 


rington, Conn 
Wollaston 70 


Alcoa Bidg.. 


Rivet & Machine Co., 


South Chester Corp.. Southea Div 
N. Governor Printz Bled 

Tubular Rivet & Stud Co., 
Mass 


Serews Cap and Set 
Tapping (J) 


Allen Manufacturing Co., 133 Sheldon. 
Hartford 5, Conn 
Alimetal Screw Products Co., Inc., 822) 
Stewart Ave., Garden City, N. Y. 
Aluminum Co. of America, Alcoa Bildg., 
Pittsburgh 19, Pa 
American Screw Co., 
my) 
Anti-Corrosive Metal Products Co., Ine., 
Castleton-on-Hudson, N. Y. (H) 
Bristol @o., Waterbury 20, Conn. (HI) 
Central Screw Co., 3501 8. Shields Ave 
Chicago 9, Til (HJ) 
Chase Brase & Copper Co 
Conn. (FJ) 
Continental Screw Co 
Wy) 

Harper Co H. M., 8204 
Morton Grove, Til. (J) 
Hassall, Inc., John, P.O. Box 2225, West 

bury, L. LN. Y¥ 
Keystone Bolt & Nut Corp., 
New York 7. N. Y. (HJ) 
Lamson & Sessions Co 1981 W. 85th 
Cleveland 2. Ohio (Hid) 
Milford Rivet & Machine Co., 
Conn. (HJ) 
National Lock Co 
Parker-Kalon Div 


Machine (H); Self 


Willimantic, Conn 


. Waterbury 20. 
. New Bedford, Mase 
Lehigh Arve., 


127 Church, 


Milford 


Rockford, Tk. (2) 
General American 
Transportation Corp 200 Varick, New 
York 14, N. Y¥. (HJ) 

Progressive Mfg. Co., 
rington, Conn. (Hf) 

Bet Screw & Manufacturing Co., 112 Main, 
Bartlett, Til. (HH) 

Bhakeproof Div.. of Tilinots Tool Works, 
2501 N. Keeler Ave., Chicago 39, ID 
(H) 

South Chester Corp., Southeo Div., 8rd & 
N. Governor Printz Blvd, Lester, Pe 
(WJ) 

Standard Pressed Stel Co. 
Pa. (Hf) 

United-Carr Fastener Corp., 


Mass. (HJ) 


44 Norwood, Tor 


Jenkintown 9% 


Cambridge 42 


Washers Fiat (K); Lock and Spring (L) 


Anti-Corrosive Metal Products Co., Ine., 
Castieton-on-Hudson, N. Y. (L) 

Associated Spring Corp., Bristol, 
KL) 

Auburr Manufacturing Co., 
Middletown, Conn. (K) 
Barnes Co Wallace Div 
Spring Corp Bristol, Conn 
Barnes-Gibseon-Raymond Div 
Spring Corp 40300 

Piymout! Mich 

B-G-R Cook Plant Div., 
Spring Corp Ann Arbor, Mich, (KLi 

Blake & Johnson, Waterville 4%, Conn 

Chase Lrase & Copper Co., Waterbury 20 
Conn. (KL) 

Continental Screw Co Mass 

KL) 

Dunbar Bros., Co., Div 
Corp Bristol, Conn 

Freeway Washer & Stamping Co., P.O 
Box 1756, Cleveland 5, Onto (K) 

Garrett Co., Inc., George K., Philadelphise 
44, Pa. (KL) 

Gibson Co., Willlam D., Div. Assectatea 
Spring Corp 1800 Clybourn Ave., Chi 
cago 14, Li (KL) 

Harper (x H M 8704 
Morton Grove, Tl. (L) 

Joliet Wrought Washer Co., Jollet, M1 
wis 


Cona. 
306 Stack, 
Associated 
(KL) 
Associated 
Piymouth Réd., 


Associated 


New Bedford 


Associated Spring 


Lehigh Ave 





New Du Pont MYLAR 
adds improved qualities to 
pressure-sensitive tape 


Pressure-sensitive tapes made with new Du Pont 
*“Mylar’’* polyester film are giving superior per- 
formance in a wide variety of diversified industrial 
uses. That’s because tapes made with ‘‘Mylar’’ 
offer long-lasting strength in conjunction with 
chemical resistance, dielectric strength, and thermal 
stability. 

Whether it’s masking for electroplating or harness- 
wrapping coils, pressure-sensitive tapes made with 
new Du Pont ‘‘Mylar” increase efficiency, improve 
performance and, in the case of electrical applica 
tions, help decrease weight and size of the finished 
product. 

Du Pont manufactures only the base material, 
“Mylar.”’ The various firms that make pressure- 
sensitive tapes using ““Mylar’”’ offer a variety of 
gauges, widths, and types of adhesives. Send in 
coupon below for names of manufacturers and 
the new booklet listing properties and applications 
of pressure-sensitive tapes made with ‘‘Mylar.”’ 


Amazing dielectric 
strength, thermal stabil 


ity, for countless electric 


Thin, yet strong 
gives 4 Snug wrap over 


uses 
irregular, bulky surfaces. 


Dimensionally stable, 
can be used over 4 wide 
range of temperatures 


Can be metalized, 
printed, used for coding 


pipes and wires 


Resists edge fraying, rative effects 


has reat tes stre sth 
Resists effects of cor- . er oe 
is ideal for tough jobs 
TOSION and moisture over 
wide range of tempera 
ture and humidity 


> os Please send me further 
BETTER THINGS FOR BETTER LIVING information on the basic 
. THROUGH CHEMISTRY properties oF Myler 


DU PONT @ Please send me your 


new booklet on pressure 
ensitive tapes made with 
Mylar’ and names of 

‘ 


manufacturers 


POLYESTER FILM 





FREE SELECTION CHART 


AGASTAT ~~~ 


seuecrrom Cuaet 


for 


AGASTAT 


time delay 
relays 


Now you can select exactly the right Agastat time delay relay 


for your particular timing need—in 


a hurry. This free selec 


tion chart lists data on every popular model in the \gastat 


line—the most complete line of pneumatic time delay relays 
in the industry. They’re adjustable for timing from 0.1 second 
to 10 or more minutes, unaffected by voltage variation, dust 
proof, light 


and mountable in any 


position. And there’s an 


Agastat model to precisely fit your requirements, including 
two-step, electrical interlock and double head units. 


\ glance 
at the tell 


free selection chart you which model to ordet 


Write for your free copy to Dept. A26-221 


Elastic Stop Nut Corporation 
of America 


_—_—_— 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing 


DIVISION 


BRUSH HOLDER CAPS 


P 

hoenix can furnish 
brush holder caps for virtually 
any conceivable brush holder 
and at prices most motor makers 
find less than their own manu- 
facturing costs 


Send your cap print or a 
sketch for prompt quotation on 
uniformly accurate brush holder 
caps to meet your requirements 

or ask for Bulletin contain 
ing full details on the complete 
“standard customized” line 
of Phoenix Brush Holders 
and Caps. 


Write for Bulletin 56E 


PHOENIX ELECTRIC 


MANUFACTURING CO. 
4211 West Loke St., Chicago 24, Illinois 


344 


Keystone Bolt & Nut Corp., 127 Cnures 
New Youre 7, N. Y¥. (Rhy 

lam & Sessions Ce., W. sen. 
Lrovoiand 2. Uluo (BL) 

Mautoss & buns tw, F. N., Div., Asse- 
Cimed Byring Corp., ristei, won. (AL) 

Miiweutee Liv Associated Spring Cetp.. 
S41 bh Erie, Mitwaukes, Wis. (BL) 

Netions! ivan Washer ts., @ herman, 
Newark 5, N. 4d. th) 

Unio Vis., Aseoviateu Spring Corp., 171% 
h% let, Deyn, Une (AL) 

Paul \s., sub. of Uniteu-Carrt Fastener 
totyp., 66 Cordier, iIrvmgwo il, Nb. 4 


198) 


he 

Mayinond Mig. Oo., Dit., Associated Spring 
tty, Worry, Pa. (BRL) 

Heliance Liv., Bewn Mig Ue., 604 Charlie 
Are.. ©.&., Massiion, Unio (L) 

Shakeoyrut Liv of lilinvis Tuol Works 
novi N. Keoier Ave., Chicsge Bv, ih 
Li 

Soutn Cheeter UCorp., Southeo Div., Bra @ 
N. Geoverme Vrinus Bivd., Lester, Ps 
‘hy 

Thompson-Bremer & Co., Bub. American 
Machine & Voundry Co. 536 N. Dear- 
born, Chicago 10, Lil. (KL) 

Calted-Carr Fastener Cerp., Cambridge 
42. Mass. (L) 

Wrought Washer Mfg. Co., 2200 6. Bay, 
Milwaukee 7, Wis. (KL) 

FELT 


american Feit ©o., 16 Glenville Ba, 
Glenville, Conn. 

Western Felt Works, 4021-4139 W. Ogden 
Ave, Chicago 28, Ill 


FIBRE, PHENOLIC. Bee Plastics, Lami- 
nated. 


FIBRE, VULCANIZED, 
Red, Tubing). 


Centinental-Diamoad Fibre Div., of The 
Budd Ce., Inec., Newark 13, Del 

Insulation Manufacturers Corp., 566 W 
Washington Bivd., Chicage 6, DL. 

National! Vuleanized Fibre Co., Wilming 
ton 99. Del 

Spaulding Fibre Co., Inc., Tenawands, 
N. ¥ 

Stahlin Brothers Fibre Werks, Ine., Dept 
EK Belding. Mich. 

Taylor Fibre Co., Norristewn, Ps. 

West Virginia Pulp and Pape: _Co., 236 
Park Ave, New York 17. B. ¥ 


(Beard, Sheet, 


FILTER ELEMENTS, POWDERED 
METAL 


amolexr Div of Chrysler Corp., 
E-1, Detroit 31, Mich 

Bound Brook Oll-Less Bearing Co., Bound 
Brook. N 

Madio Cores, Ine., 9540 Tulley Ave.. Oat 
Lawn, Il 


Dept 


FILTERS, RADIO 
Aerovox Corp., New Bedferd. Mass 


N, 

Vedersl Telephone and Radie Co., Div 
of International Telephone and Tele- 
graph Corp., 100 Kingsland Bd, Cif 
ton, N. J 

Filtron Co Ine., Ave., 
Flushing 55, N. ¥ 

Genera! Electric Co., Apparatus Sales Div., 
Schenectady 5, N. ¥ 

Mallory & Co., Inc., P. BR. Indianapolis 
6. Ind 


Sprague Hlectric Co., 307 Marshall, North 
Adams, Mass 


131-05 Fowler 


FINISHES, PRODUCT Bee Lacquers. 
Knamels, Paints and Varnishes, Finish- 
ing 


FLUORESCENT LAMP AUXILIARIES 


Includes Adapters. Ballasts. Compen- 
sators Control Unites Starters and 
Transformers. For Resistors, see Re- 

Instrument & Radic: also Ca- 


Acme Electrie Corp., Cuba, N. ¥ 

Aerovox Corp., New Bedford, Mass 

Chicago S@taniard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18. TI 

General Electric Co., Construction Mate- 
riale Div., Bridgeport 2, Conn 

Sole Electric Co., 4683 W. 16th. Chicago 
50. Tl 

Sprague Biectrie Co., 307 Marshall, North 
Adame, Mase 

Sylvania Elertrie Products Ine, 1740 
Broadway, New York 18. N. ¥ 

Westinghouse Electric Corp 
Center, Bidg. No. 8, 401 
Pittsburgh 23. Pa 


Gateway 
Liberty Ave., 


FOILS, WIRE MARKING 


Kingsley Stamping Machine 
Cahuenga, Hollywood 38. Calif 


Co.. 50 


FOOT SWITCHES. See Switches 


FORGINGS 


American Brass Co.. Waterbury 20, Conn 

Ohase Brass & Copper OCo.. Waterbury 20 
Conn 

Vhiladelphia Bronze & Brass Coerp., Bub 
of FP R Mallory & Co. Ine., 82nd 
and Master, Philadelphia 21, Pa 

Revere Copper & Brass, Inc, 230 Park 
Ave. New York 17. N.Y. (Non-ferrous) 

Ryerson & Bon. Inc.. Joseph T., Chicago. 
m 


FREQUENCY METERS. See Instruments 

FUSE HOLDERS, 
cuirs 

Werody Engineering Co., Inc.. 
Coan 

Holub Industries, Inc., 445 Elm, Sycamore, 
m 

(dee! Imiestries, Ine 
Bycamere fT! 


MOUNTINGS and 


Norwalk. 


1008 Park Ave. 


Astron Corp., 256 Grant Ave., B Newark. 
i J 


liseo Corp ane., Cia- 
cinnau 27, Ohio 


Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Lil 

Sherman Mfg. Co., H. B., Battle Creek, 

6060 Rivard, Detroit 11, 


5745 Mariemont 


Mich. 
Square D Co., 
Mich. 


FUSES 


Burndy Engineering Co., 
Conn. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y¥ 

Royal Klectrie Co., Inc., Pawtucket, RB. 1. 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 berty Ave., 
Pittsburgh 22, Pa 


Inc., Norwalk. 


GAGES, TEMPERATURE, 
and VACUUM 


Bristol Co., Waterbury 20, Conn. 

Edison, Inc., Thomas A., Instrument Div., 
lept. 593, West Orange, N. J. 

TAGIabue Instrument Div., Weston Elee- 
trical Instrument Corp., 614 Freling- 
huysen Ave., Newark 5, N. J. 

Wheelco instruments Div., Barber-Colmap 
Co., 1408 Rock, Rockford, LL. 


PRESSURE 


GALVANOMETERS. See Instruments 


GASKETS 


American Felt Co, 16 Glenville Bd, 
Glenville, Conn 
Armstrong Cork Co., 7001 Ingersoll, Lan- 
caster, Pa. (Cork and Rubber Compesi- 
Manufacturing Co., 


tions) 
B06 Stack. 
Middletown, Conn. 


Auburn 

Chase Brass & Copper Co., Waterbury 20. 
Conn, 

Chicago Rawhide Mts Co., 1301 Elston 
Ave., Chicago 22, Il 

Crane Packing Co., 18234 Cuyler 
Chicago 183, Il. 

4 Romanelli, 


Ave., 
Electro Tee Corp.. South 
Hackensack, N. J. 
Garlock Packing Co., Palmyra, N. Y. 
Goshen Rubber Oo... Inc., P.O. Box 517, 
Goshen, Ind 
Johne genre Box 60, New York 16, 
Raybestos-Manhattan, Ine, Asbestos Tex 
tile Div.. Manheim, Pa 
U. 8. Gesket Co. Camden 1. N. J. 
U. 8. Rubber Co. Rorkefeller Center 
New York 20, N ° 
Western Felt Works. 4085-4117 Ogden 
Ave.. Chicago 23, TIL 


GEARMOTORS. See Motors. 


GEARS and PINIONS 


Amplex Div., of Chrysler 
E-1, Detroit 31, Mich. 
American Stock Gear 
Gear Co., Harvey, Il 

Beaver Gear Works, Inc., 1085 Parmele. 
Rockford, TL 

Bewmar Instrument COorp., 8415 Penn- 
sylvania Ave., Ft. Wayne, Ind 


Corp., Dept 
Div., Perfection 


Gateway 


Cone-Drive Gears Div., Michigan Too? 
Co., T1T1 EB. MeNichols Ra, Detroit 
12, Mich 

Continental-Diamond Fibre Div., of The 
Budd Co., Inc., Newark 18, Del. 

Gear Specialties, Ine.. 2635 W. Medi!) 
Ave., Chicago 47, Til 

Gries Reproducer Corp., 125 Beechwood 
Ave.. New Rochelle, N. Y 

Process Gear Co., Inc., 4612 W. Puller 
ton Ave.. Chicago 39. Ill 

Radio Cores, Inc., 9540 Tulley Ave.. Oak 
Lawn, TH 

Shakeproof Div. of Illinots Tool Works 
2501 N. Keeler Ave., Chicago 39, Tl 

Trnited States Graphite Co., 1621 Holland 
Saginaw, Mich 

Westinghouse Electric Corp 
Center, Bidg_ No. 8. 401 Liberty Ave 

Pitteburgh 22. Pa 

Winzeler Manufacturing & Tool Co.. 1712 

W. Arcade Place, Chicago 12. M 


GENERATORS. See Motors 


GENERATORS, ELECTRONIC 


Bogue Electric Manufacturing Co. 60 
Towa Ave Paterson 3. N 
Electric Indicater Co Ine., 
Ave., Springdale, Conn 
General Electric Co.. Apparatus Sales Div 

Schenectady 5. N ° 

General Flectrie Co. Electronics Div 
Flectronics Park, Syracuse 1. NW. Y 
Howard Industries, Ine., Dept. EM-11 
1740 Btate. Racine, Wis 

Southwestern Induetrtal 
2831 Poet Oak Rd, 
Houston. Texas 


105 Camp 


Flectronics On 
P.O. Box 13058 


GERMANIUM DIODES. Ree Rectifiers 
Semiconductor: Transistors & Crystal 
Dilatae 

GLASS-BONDED MICA 


Continental-Diamond Fihre Tic of The 
Budd Ca Ine Newark 18 Tel 

General Electric Co. Chemical Div, 1 
Plastics Ave Pittsfield. Mase 

Meealex Corn f America 4 
Bivd., Ciifton. N. J 


Cliftor 


GLASS-FIBER 
TAPE. See 


YARNS 


Fabrics 


CLOTHS ane 


Insulating 


GLASS. TECHNICAL 


Hermaseal Co., Inc 1010 Main 
Ind Tubes) 
Kopp Glass, Inc 


Elkhart 
Swissvale, Pa 


GOLD, ROLLED. (Plate and Wire) 

America Silver Ce Ir 36-02 
Flushing 54, N. ¥ 

Genera Plate Div Metals & Controle 
‘ } Atr t r Mass 


Prince 


MANUFACTURING 





«+. One way is with Customized end bells like these 


PROBLEM: To design your product for maximum economy few of our customer each pleases the eye, yet each 
of manufacture while maintaining the utmost in perform- incorporates nece i functional characteristi ol a 
ance...and todo this with modern and attractive styling. Jack & Heintz Customized Motor 


SOLUTION: Bring your product design to Jack & Heintz. Get the facts! Send for our free booklet titled, When to 
Let J&H engineers custom-build a motor to be an integral Specify Special Motors. ‘Twenty pages of valuable infor 
part of your particular product. mation that will answer your most 
Whether your prime consideration is special mechanical searching questions. Includes inter 
features, exacting electrical specifications, the ultimate in esting case histories, photos, charts. 
styling, or economy of manufacture, you'll find J&H en- Write Jack & Heintz, Inc., 17620 
gineers will work to satisfy your requirements. Pictured Broadway, Cleveland 1, Ohio. 
here are examples of end bells specially designed for a 


Jack & Heintz, Inc, 


, 
GO SAA AV AAA HL TOBY LAY 





Chicago Prone: Dickens 2-O777 


Long Distance: ONtario 2 


PLASTICS 


TOOLING 


EXTERNAL THREAD? 


Metal 
Insert 
Molded in 


e 


INTERNAL 
THREAD 


Metal 
Insert 
Molded in 


MOLDED THREADS? 


Internal 
or 
External 


e®@ 


HOLDERS TO FIT? 


Molded 

) NYLON 
as well as 
Phenolic 


External or Internal Threads 


MOLDED COMMUTATORS? 


with or 
without 
prongs 


Send Blueprint for Quotation 


GURNEE 


ILLINOIS 


AND MANUFACTURING COMPANY 


* COMPRESSION « INJECTION 


Handy & Harma ton 
8, N. ¥ 

iwach & Garner Ce., Industrial Div., At 
Lieboro, Mass 

Makepeace ( Db. E., Dis. of Union Plate 

and Wire ¢ Attleboro, Mass 

ey Co J. M., 871 Elm, Hartford 

Conr 
i H. A 
5. Kh 


New York 


“i Dept. EB, 2655 
Union, N. J 


GRAPHITE 


Bee Carbon and Graphite 


GREASE, BEARING 
Corning Corp., Midla M 


GRIPS and CLAMPS, STRAIN RELIEF 


Heyman Mfg 0 Kenilworth 1 nN. J 
’yie- National 1388 N. hostner Ave 

Chicag 
Walker 118 Amsterdam Ave 
Passal 


HARNESSES and ASSEMBLIES. WIRE 


Heiden Mfg. Co., 4633 W Van 
Chicago 44, I 

Cornish Wire Co., 50 Church New York 
7, N y 

Crescent Co., 
KI 

Drake Manufacturing ¢ 171 w Hub 
bard, Chicago 22, Ill 

Kasex Wire Corp Wire 
Monticel Ind 

General Electric Co Constructior 
rials Di Bridgeport 2, Conn 

Joy Manufacturing Ce Henry W 
Bidg Pittsburgh 22, Pa 

Phalo Plast Corp., Commercial & Fos 
ter, Worcester 8, Mas 

Switcheraft, Inc., 1828 N 
cago 22. Til 

Whitney Blake ¢ New 

Wire Stripper Co l 
Fast Cleveland 12 


Burer 


Carol Cable Div., Pawtucket 


Assembly Div 
Mate 


Oliver 


Halsted, Chi 


Haven 14, Contr 
0 Eastham Ave 
Ohio 


HEADPHONES and HEADSETS 
Automatic Electr 


Van Buren, Chicago 11. Il 
Telex Ir Telex Park, St. P M 


Sales Cor 


HEATING ELEMENTS and UNITS 
Carborundum Co 
Falls, N. Y 
Cutler-Hammer, Inc 1264 Bt 

Milwaukee Wis 
Driver Co Wilbur B 150 
Ave.. Newark 4. N. J 
Ceneral Electric ¢ Apparatus Bales Dis 
Schenectady 5 Y 
Still-Man Co., 420 E 
6. N.Y 
ntiron Ce Homer City 
lean Electric Co., Dar Mase 
w Electric Mfg. Co 1362 Ferguson 
St. Louls 14, Me 
Westinghouse Electric Corp., 160 Mercer 
Meadville. Pa 
Wiegand Ce Fdwin 1 
B Pittsburgh 8, Pa 


Globar Div Niagara 
Paul Ave 
Riverside 


164th, New York 


7530 


Thoma 


HERMETIC 


minals 


SEALS. See Seals and Ter 
Hermetic 


HIGH-FREQUENCY HEATING UNITS 


Allis-Chalmers, Milwaukee 1, Wis 
General Electr Co Apparatus 
Div Schenectady 5. N : 
Radio Receptor Ce Inc., Semiconductor 
Div., 2 W. 19th, New York 14, N. Y¥ 
Westinghouse Electric Corp Gateway 


Bidg. No. 8, 401 Liberty Ave 
Pittsburgh 22. Pe 


Sales 


Center 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys 


HOLDERS. COMMUTATOR BRUSH 
B } wer Manufacturing ¢ l 
Spring Garden, Philadelphia 28, Pa 
(ira e Metallizing Cort 1059 Nepper 
Yonkers Se 
orp. of America 116 
iftor ae a 


Clifton 
Glass tonded 
ectriec Mfg. Co., 4211 W 
4, Til 

Electronent Div 
& Mfg. Oo 


Lake 


Midwest 
Gurnee 96, I 


IMMERSION HEATER UNITS 
xk Elements & Units 


Bee Heat 


IMPREGNATING COMPOUNDS. See Ce 
ent. : 


Ineula a & Sealing: Wares and 


INDICATORS, HEAT. Bee Thermometers 


INDICATORS, SPEED. See Tact 


meters 


INDUCTION HEATING. See High Fre 
Hieatl i nits 


INFRA-RED LAMPS. See 
escent & Infra-red 


Lamps, Incer 


INSTRUMENTS. ELECTRICAL 
URING and TESTING 


Corp., Cuba, N.Y 
ew Bedford, Mass 
s ls Chesteriand 14 


MEAS 


14 Belmont 


03rd, New 


> Third 
Burlingtor owa 
DeJur- At o Corp., 45-01 Northern Bivd 
Long Island City 1. N. ¥ 
Doeloam Div of Minneapolis- Honeywell 
Soldiers Field Rd., Boston 35, Mass 


FEBRUARY 1956 


Federal Telephone and Radio Co., Div. of 
international Telephone and Telegraph 
Corp., 100 Kingsland R4., Clifton, N. J 

Wreed Transformer Co., Inc., 1736 Weir 
field, Brooklyn (Ridgewood) 27, N. Y 

General Electric Co Apparatus Sales 
Div., Schenectady 5. N. Y 

Holub Industries, Inc., 445 Elm, Sycamore, 
Il 

Ideal Industries, Inc., 
Sycamore, Ii} 

Industrial Development Laboratories, Inc., 
31 Pollock Ave., Jersey City 5, N. J 

Industrial Test Equipment Co., 55 E. llth 
New York 3. N 

International Instruments, Inc P.O. Bos 
2954, New Haven 15, Conn 

Link Aviation, Inc., Sub. of General Pre 

ision Equipment Corp Binghamton 
N. ¥ 

National Pneumatic Co., Inc 
Cabot Divs 125 Amory 
Mass 

Phacstron Co 151 
Pasadena, Calif 

Radio Corp. of America 
rison, N. J 

Roller-Smith Co Instrument Div 1825 
W. Market, Bethlehem, Pa 

Simpson Electric Co., 5202 W. McKinzte 
Chicago 44, Ml 

Southwestern Industrial Electronics 
P.O. Box 18058, 2831 Post 
Houston 19, Texas 

BSticht Co., Inc., Herman H., 27 Park Pi 
New York 7, N. ¥ 

Waterman Products Co Inc 
Emerald, Philadelphia 25, Pa 
scope) 

Westinghouse Electric Corp 
Center, Bldg. No. 3 aor t 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave Newark 5, N. J 

Wheelco Instrument Div Barber-Colman 
Co 1403 Rock, Rockford, Ml 


1008 Park Ave., 


and Holtzer 
Boston 19 


Pasadena Ave., 8 


Tube Div., Har 


Corp 


Oak Rad 


2445-63 
(Oscillo 


Gateway 
Aberty Ave 


INSTRUMENTS, ELECTRONIC. See also 
Osci pes: Recorders, Oscillographic 


tristol Co., Waterbury 20 
Doelcam, Div. of 


Conn 
Minneapolis- Honeywell 
Soldiers Field Rd., Boston 35, Mass 
Du Mont Laboratories Ine Alien B., 760 
Bloomfield Ave., Clifton, N. J 

Federal Telephone and Radio Co., Div 
International Telephone and Tele 
Corp., 100 Kingsland Rd., Clifton, 

General Electric Co., Apparatus 
Div., Schenectady 5, N. ¥ 

Hewlett-Packard Co 2705E 
Rd., Palo Alto, Calif 

Industrial Test Equipment Co 
lith, New York 3. N.Y 

Librascope, Ine 808 Western Ave., Glen- 
fale 1, Calif 

Magneti Amplifiers Ine 632 
Ave New York 55. N.Y 

Radio Cory f America, 7 e Div Har 
r N. J 

Sanborn Co., Industrial Div 
chusetts Ave., Cambridge 39 

Simpson Electric Co 
Chicago 44, 1 


Southwestern Industrial Electronics Corp., 
P.O. Box 18058 


2831 Post Osk Rd., 
Houston 19, Texas 


Mticht Co., Inc., Herman H., 27 Park Pi., 
New York 7. N. ¥ 

Weston Electrical Instrument Co. 614 
Frelinghuysen Ave., Newark 5. N. J 


55 East 


Page 


Tintor 


195 Masses 
Mase 
5202 W. McKinzte 


INSTRUMENTS, LABORATORY 
STANDARD 


Acme Electric Corp., Cuba, N. Y 

sristol Co., Waterbury 20, Conn. 

Clarostat Mfg. Co., Ine Dover, N. H 

DeJur-Amsco Corp., 45-01 Northern Bivd., 
Long Island City 1, N. ¥ 

Doelcam, Div. of Minneapolis-Honeywell 
Soldiers Field Rd Hoston 35. Mase 

Electr I et Laboratorte I 4501 
N. Rave . Ave, Ch go 4 iil 
Freed Transformer Co., Inc., 1736 Weir 
field, Brooklyn (Ridgewood) 27, N. Y 

General Electric Co Apparatus Bales 
Div., Schenectady 5, N. ¥ 

Radio Frequency Laboratories, Inc., Boon 
ton 9, N. J 

TAGIliabue Instruments Div.. Weston Flee 
trical Instrument Corp., 614 Frelinghuy 
sen Ave., Newark 5, N. J 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty ave 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark 5, N. J 

Wheelco Instruments Div., Barber-Colman 
Ce 1408 Rock, Rockford, Tl 


INSULATING MATERIALS. See follow 


ng specific headings 

Cement 

Ceramics 

Cork and Cork Composition 

Fabrics, Insulating 

Felt 

Fibre. Vuleanized 

Giass-Bonded Mica 

Insulation, Wire and Cable 

Mica, Molded and Laminated 

Paper, Insulating 

Plastics, Molding, Laminating 
ing and Extrusion Compounds 

Porcelain 

Rubber and Rubber Products 

Silicones 

Sleeving and Tape, Asbestos 

Tape, Friction and Splice 

Tape and Sheeting, Synthetic Resin 


Tubing, Paper 
Tubing and Sleeving, Braided Fabric 
Extruded Plastic 


Tubing and Sleeving 
Compounds and Resins, In 


Insulating and Sealing 


Cast 


Varnishes 
ulating 
Wares and Compounds 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 


American Lava Corp., 


Chattanooga 5, 
Tenr 
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Don't Let These Filing Bottlenecks 
Stall Drafting Room Output! 


Let Your Bruning Man Show You 
How a Hamilton UnitSystem 


Saves Space and Time, 
Permits Orderly Expansion 


UnitSystem is Integrated to Save Time and Space. UnitSystem offers 
you an integrated and interlocking stack in which your drawings 
and records are filed in units especially designed for them by 
size and frequency of use. Drawings are easier to file and find, 
which saves time. The interlocking feature lets you combine the 
individual units you need —in higher stacks ~which saves space 

The Shallow-Drawer Unit with special tracing lifters makes any 
active tracing easily accessible witbout risk of damage to com 
panion tracings. Vertical Filing Unit with index binders and com 
pressors keeps active smal] sheets straight and upright without 
wrinkling or tearing. Five-Drawer Unit provides ideal storage for 
semi-active or inactive drawings and records by groups or projects 
UnitSystem is Expandable for Future Needs. Because all UnitSystem 
files in the same line number are matched and interlocking, you 
expand your filing set-up gradually, efficiently, and economically 
From a complete line of units, you choose those that exactly 
meet your requirements as they arise, 

Mail coupon today for more information on the important 
savings offered you by lifetime all-steel UnitSystem files 

Ask your Bruning representative for information about the 
Bruning-Hamilton free analysis and planning service for improving 
your filing system — or use coupon below. No obligation 


America’s Leading Supplier of Engineering and Drafting Equipment 


Charles Bruning Company, Inc., 4700 Montrose Ave., Chicago 41, Illinois 


In Canada: Charles Bruning Company (Canada) Ltd., 105 Church St., Toronto 1, Ont 


Charles Bruning Company, Inc., Dept. 24-L 
4700 Montrose Avenue, Chicago 41, Illinois 


[_] Please send me information on Hamilton UnitSystem 


Send me information on the Bruning-Hamilton free analysis and 
planning service 


Name Title 


Company 
File units for roll tracings are available. Individ- atta 
val trays protect each roll from dirt, tearing, 
and crushing. chy 


READER INQUIRY SERVICE CARDS, PRECEDING BACK OVE! 





Bakelite Co., Div. of Union Carbide & Wrake Manufacturing Ce, 


1Tll W. Hub 
, Carbon Corp., 300 Madison Ave., New bard, Chicago 22, Ill 
York 17, N. General Electric Co., Nela Park, Cleveland 
Dow Corning Corp., Midland, Mich iz, Ohio 
ju Pont de Nemours & Uo., (Inc.), E. I Johnson Co., E. F., 204 Second Ave., 


Wilmingwn 968, Del s.W., Waseca, Minn 
Eastman hudak Co., Kochester 4, N. Y Pyle-National Co., 1388 N. Kostner Ave 


General Kiectrie Co Construction Mate Chicago 51, Ill 
riale Div Mridgeport 2, Conn Square D Co., 4041 N. Richards, Mil 
Goodrich Chemical Ce bs. FF. Div. of waukee 12, Wis 
BK. F. Goodrich Co., Dept. DK-1, Rose 


Bidg., Cieveland 15, Ohio LOCKNUTS and LOCK WASHERS 
Kellogg Co., M. W., Chemical Mfg. Div., Bee Fasteners 


Wanforth Ave., Jersey City 5, N. Jd 


Oronite Chemical Co Ss Sansome, 8am | UBRICANTS 
FOR Francisco 4, Calif 
Sprague Electric Co., 307 Marshall, North Electrofilm Corp., Dept. V-1. P.O. Bos 


aaa . Adams. } 106, North Hollywood 6, Calif 
LABORATORY si ob U. 8 oer Co., Rockefeller Center 


. ew Y Ls LUGS and TERMINALS 
AND [ Alrcraft-Marine Iroducts, Inc., 2100 Pas 
IRONS SOLDERING Bee Soldering ton, Harrisburg, Va 


Laquipment Alpha Molykote Corp., 65 Harvard Ave, 
PRODUCTION 


Staumfurd, Conn 


ISOLATORS, VIBRATION and SHOCK. American Mrass Co., Waterbury 20, Conn 


IMPEDANCE . See Mountings, Rubber and Synthetlk Bead Chain Mfg. Co., 13 Mountain Grove 


Bridgeport 5, Conn, ‘(Hollow Tubuiar; 
JEWEL, LIGHT ASSEMBLIES Bee Buchanan Electrical Products Corp., Hill 
TESTING . Lights, Pilot and Indicator side, N. J 
Burndy Engineering Co., Inc., Norwalk 
KNOBS, CAPS and HANDLES, MOLDED ,,\nn 


Cambridge Thermionic Corp., 453 Coo~wrd 


Tests Resistors, Condensers, inductors Chicago Molded Products Corp., 1024 N Ave., Cambridge 38, Mass. 


Kolmar Ave., Chicago 51, Il Electrix ¢ Ashton, K 
Percentage Deviation From Standard i yuan Mig. cv. K 


Ps Davies Molding Co, Harry, 1428 N. Heyman Mfg. Co., Ken!'ortt 
Read On Large Meter eh Wells, Chicago lu, IN lisce Corp., 5745 Mariemont Ave., Cin 


5 Ti ~~ Gray Co., 710 E. Sixth, Dayton 7, cinnati 27, Ohio 
iol Ohio Johnson Ce., E. F., 204 8 d 
Rapid Response — No Buttons To Push 299 Satine, Sin. S00, Geentens, Ber saneee Co.. E 7. econ 
High Accuracy And Stability n i, Ohio 

Self Calibrating — Requires No 
Recalibration When Changing Ranges 


Ave., 


Jones Div., Howard B., Cinch Mfg. Corp., 
men} Midwest Molding & Mfg. Co., Gurnee Chicago 24 ‘lll 


046, Il Krueger & Hudepohl, Walsh Bidg., Cin 
La eee) 1 Richardson Co., 2799 Lake, Melrose Park innati 2, Ohio 


Hl Malco Tool and Manufacturing Co., 402) 
Hogan Brothers, 8027 N. Monticello Ave W. Lake Chicago 24, Il 
————— SPECIFICATIONS ——— Skokie. I Mycalex Corp. of America, 116 Clifton 


Telex, Inc., Telex Park, St. Paul 1, Minn. Bivd., Clifton, N. J 

Bridge Supply Volts 2 volts Rajah Co., 35 Verona Ave., Newark 4 
LACQUERS, ENAMELS. PAINTS ane N. J 

Component Voltage At Balance 1 volt VARNISHES. FINISHING Seaiectro Corp., 186 Union Ave, New 

Frequency Either 1,000 C.P.S., or 10,000 C.P.S. Allied Research Products, Inc., 4004-06 )Hochelle, Div. of Tilinols Tool Works 

Full Scale Ranges 5% 10%, 20% vine ee 5. ee Bldg 2501 N. Keeler Ave., Chicago 39, Ill 

Component Test Ranges Pittsburgh 19. Pa ° Ghermes Mfg. Co., H. B., Battle Creek 
Resistance 5 ohms - 5 megohms Bakelite Co.. A Div. of Union Carbide & oe 


Boreng Products Corp., 9551 Soreng Ave 
Carbon Cort 300 Madison Ave., New “a 1 , 
Capacitance - - - 50 mmf - 20 mfd York 17. N. ¥ hiller Park, Ill 


Sepemons ies cekaneaietiiaatides on Corr ine core : y Midland, Mich. Themes & Bette Co . Inc., 28 Butler 
Silicone esins shes) ‘ t , 

Power Supply - 105-125 volts, 60 C.P.S iu Pont de Nemours & Co., (Inc.), E. 1., ee a 7 i 528 re 
Finishes Dept Wilmington 98, Del. —— aa 


° born, Chicago 16, Dl 
Representatives in Principal Cities camenaven entese seemees one US. ee O, te, Cm 


INDUSTRIAL TEST EQUIPMENT CO. on ae ae soil wasoeiie 


Brainin Co Cc. 8., 320 Washington, Mt MACHINES. See specific headings 


| Vernon, N. ¥ lancin ‘oll Wine Casti 
55 a4 mn) a14 30 e NEW YORK  e a a General Piste Div., Metals one Controls eens Sr tading; Die aieidine 


erin J tet ’ ' 
Handy & Warman, 82 Fulton, New Yor’ r pipe a. = - sees s; ws or tn 
$8. N. Y s eet” 2 1° Marking Mechine 
Leach & Garner Co., Industrial Div., At ’ — — 


tleboro, Mass and Device 
Wilson Co The H. A., Dept. BE. 2658 
U. 8. Route 22, Union, N. J MAGNETIC AMPLIFIERS 
a6 4 eee . 


FP a 

2.4 4 ite . 

2.2.4 2,44 7 724. Bogue Electric Manufacturing Co., 60 lows 
————— LAMINATED PLASTICS. Bee Plastics Ave., Paterson 3 ‘. J 


Doekam, Div. of Minneapolis-Honeywell 
LAMINATIONS. MOTOR and Soldiers Field Rd., Boston 35, Mass 
TRANSFORMER Freed Transformer Co., inc i7gu Weir 
b a, =. © 
Magnetics, In Dept. EM-26, Butler, Pa field, Brookiyn (Ridgewood) 
THIS THERMOCOUPLE Thomas & Skinner Bteel Inc, 1114 B General Electric Co, Apparatus Bales 


. * 
23rd. Indianapolis 7, Ind. Div., Schenectady 5. N 


TENSION Reartett Ce, Inc., 1878 Main Ave., Clif 
EX LAMPS, FLUORESCENT won 


Keystone Products Co., 904-6 23rd, Union 
General Electric Co., Nela Park, Cleve City, N. 2 


land 12, Ohio : Magnetic Amplifiers Inc., 632 Tinton Ave 
| E Ss Westinghouse FElectrie © . Gateway New York 55, N. Y 


Center, Bide. No. 3, 401 Liberty Ave Polytechnic Research & Development Co 


Pittsburgh 22, Pa Inc., 202 Tillary, Brooklyn, N. Y 
NYLON GIROLE. Westinghouse Electric Corp., Gateway 
LAMPS. INCANDESCENT and Center Bidg.. No. 3, 401 Liberty Ave 
INFRA-RED Pittsburgh 22, Pa 
General Electric Co., Nela Park, Cleveland 
12, Ohto MAGNETIC BRAKES. See Brakes, Mag 
‘ Westinghouse Electric Corp.. Gateway netic 
Polyvinyl insulated conductors now actual Center, Bldg. No. 8, 401 Liberty ave. , 
ize Pittsburgh 22, Pa MAGNETIC MATERIALS. See Steel Flee 
trical Magnets Permanent Magnetic 
; ’ 
all in place of cotton weatherproof LAMPS, MERCURY VAPOR peas Components; Powdered Metal 
Result: a new wire—type PN.* Genera) Rlestrie Co., Nela Park, Cleveland 
Ad *s 1) Smaller diameter Westinghouse Electric © , Gateway MAGNETIC RECORDER COMPONENTS 
dvantages oma Center, Bidg, No. 3, 401 Liberty Ave Driver Co., Wilbur B., 150 Riverside 
more wires can fit into conduits Pittsburgh 22, Pa. antes noe 4, : slic ins: ineaanied 
Innesota ining a ° A 
2) smoother surface (less wear from LAMPS, MINIATURE (Pilot and indi. Preducts Liv., 900 Fauquier Ave., St 
eator Paul 6, Minn. (Tape) 
abrasion—easier to pull through con Given Miniature Lamp Works, 1500 N . 
duits), (3) better resistance to flame Ogden, Chicago 10, Dl . MAGNETIZERS and DEMAGNETIZERS 
’ General Electric Co., Nela Park, Cleveland nadio Frequency Laboratories Ine 
moisture, and oil products, (4) no 12. Ohio Boonton 9, N. 
. ¢ at . 
fibers (strips easier, cleaner), (5) lower Westinghouse Electrie Corp Gateway 
iDers \sirig > ; ‘ Center, Bidg. No. 3, 401 Liberty Ave MAGNETS, PERMANENT 
"itteburgh 22, P: 
price—and, because nylon is more Pittsburg Pe Arnold Engineering Co., Marenge, M1! 
. Crucible Steel Co. of America, Henry W 
durable, lower replacement cost PN LAVA. See Ceramics Oliver Bldg., Pittsburgh 30 _ 


wire is made in IC, CC, and CA in 14 LAYOUT FLUID a Steel Products Co., Valparaiso 


16, and 20 gage . Dykem Co., 2303F, N. 11th, St. Louls @ Thomas & Skinner Steel Inc., 1114 E 28ra 
Mo Indianapolis 7, Ind. 


have extruded nylon insulation over 


*But we still make cotton-insulated 


wire (type PC) for those who want it * LENSES. PRESSED GLASS MAGNET WIRE. See Wire, Magnet 
ERO SON, Shy Saree ae MARKING MACHINES and DEVICES 

Interested? (For Marking Wire, Foll, Plates, ete.) 

Write for Bulletin 31-100-N. LIGHTING FIXTURES . : Kingsley Stamping Marhine Co., 850 


! ark Electr Manufactu Cahuenga, Hollywood 38, Calif 
te ter and Ea A 


4 Mi MATERIALS HANDLING EQUIPMENT 

Thermo Electric 0.Ie % LIGHTS. PILOT and INDICATOR Comttosne® pene oa Der The 

4) Rochelle Park Post Office, SADDLE BROOK, Ntw JERSEY % Cannon girisetrte Develepment Pet National Vulcanized Fibre Co, Wilmine- 

me CANADA « THERMO ELECTRIC (Canada) Lid BRAMPTON, ONT ‘ee 4G uf, aa = ; ag aunties a bevers Inc., Crane & Hoist 

Uelecererereseresereresereseststeteteteteteletene ee eee, Dieliane "Corp rr 60 pe ave., Brook canting Fists Me _ — Tonawanda, 
‘Seatac at Pa a al a a a a aa aa ar aaa a a ar aaa a ad isn 37. N.Y. " y 
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Beet e 


C-D-F HANDLES THE COMPLETE JOB An oil circuit breaker 
component is made from two Dilecto laminated plastic tubes, 
with a threaded ring joining the assembly. From raw mate 
rials to finish machining C-D-F does it all! 


C-D-F MAKES FLEXIBLE INSULATION To meet critical high 
heat and electrical insulating needs, C-D-F makes these 
efficient, easy-to-apply tapes. Size range is wide, with latest 
resins and backing materials used. Write for samples and 
technical bulletins of Silicone, Teflon, and Micabond tapes 


Die es +o 

C-D-F MOLDS MANY SPECIALTIES ‘This shaft insulator for a 
circuit breaker is molded from C-D-F’s cloth-based indus 
trial thermosetting plastic, Celoron. Note complexity of 


mold, clean detailing. Celoron has high impact strength, is 
used in switchgear. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


To make equipment 
more dependable, use 
C-D-F electrical insulation! 


The reliable operation and long life of heavy electrical 
equipment often depends on insulating parts. A good 
supplier of insulation draws from past experience to make 
this possible—C-D-F has been a_ recognized industry 
leader since 1895! A good supplier expands his research 
and technical skill consistently—-C-D-F offers the widest 
range of electrical insulating materials, from Vulcanized 
Fibre to C-D-F Products of Teflon.* 


A BIG, RELIABLE SOURCE OF SUPPLY 


As a designer or user of electrical equipment, you gain when 
your manufacturers work with C-D-F. Quality and depend 
ability of electrical insulation, at reasonable cost, are 
guaranteed. The latest technical advances and ideas can 
flow freely between you and C-D-F’s engineers. This page 
shows only a few of the many products C-D-F makes 
and fabricates for the electrical industry. Consult Sweet's 
Design File for catalog information, or call your C-D-F 
sales engineer (sales offices in principal cities you'll find 
he’s a good man to know! 

*Du Pont Trademark 


@ CONTINENTAL DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC. 


NEWARK 13, DELAWARE 


C-D-F UNDERSTANDS THE ELECTRICAL INDUSTRY'S NEEDS 


Precisely machined to close tolerances, Dilecto panel boards 
guarantee dependable insulation, help designers save space 
New 1955 Dilecto catalog is yours for the asking, lists all 
new grades. 


C-D-F GIVES YOU BETTER MOTOR AND GENERATOR INSULATION 


All these built-up and bonded mica products are made by 
C-D-F to provide uniform high-heat resistance and dielectric 
strength. All forms of Micabond are made for better perform 
ance and lower costs. 
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SOLENOIDS 


G-211 solenoid, 10 Ibs. at 
85% voltage, 114” stroke 


G-200 line of solenoids. Re 
placement for all sizes of 
General Electric Co.8s CR 
9503-200 line of solenoids 


NA-726 solenoid; 16 Ibs 
at 1” stroke, 100% voltage 


NA.-700 line of solenoids, 
replacement for National 
Acme solenoids, size for 
size, for all modifications 


The solenoids of both the above replacement lines are 
all thoroughbred Trombetta solenoids. All dimensions 
of interest to the user are the same as the respective 


solenoids they replace 
istics are identical 


The pull and pull character 
In either case, we are in a position 


to furnish replacement units for any and all modifica 
tions. They are available for all voltages and frequen 
cies, including direct current 


See our catalogs in Sweet's Catalog Service. Ask for 


more information 


TROMBETTA SOLENC 


329 N. MILWAUKEE STREET 


2HB)-1 


G 
mS 


MILWAUKEE 2, WISCONSIN 


USML 


2HBW.1 


e . 
Yo 1 


LOOK HERE 
a Ue ay 
switch 
you need 


20HBTX.1 


KEB2HB-5 


<A 


20HBW-1 


... and write today for your FREE copy of the new Unimax catalog 
of miniature and subminiature precision snap-acting switches. 


UNIMAX SWITCH 


f tine ae ‘ 


460 WEST 34th ST. 


eee , eee eee fet 


NEW YORK 1, N. Y. 


MOTORS 


Miniature Timing Motors, Geared 


Subfractional, Unde: 1/20 Hp 
Fractional, 1/20, % Hp. 
Integral, 1 to 744 Hp. 
Integral, Over 7% Hp 
Gearmotors 

Generators 


Low Voltages (Under 110) 


Act Manufa ring ¢ { 

Ohio (B) 

Allis-Chalmers, Milwaukee 1, Wis. (KL 
MNOQRTLU VW 

Allle Co., The Louls, Milwaukee 7, Wis 
(KLNOQRUVYZ 

Baldor Electric Co 4353 Duncan Ave., 
St. Louls 10, Mo., (FGKLN) 
Barber-Colman Co. Dept, U, 1408 Rock, 
Kockford, il. (BCEYZ) 

Bodine Electric Co 
cago 12 Til 


2256 W. Ohio, Chi- 

(ABCDEFGHIQRTYZ&) 

Bogue Electric Manufacturing Co 60 
Iowa Ave.. Paterson 3, N. J., (FGIKL- 
MNOPUVW) 

Century Electric Co 1806 Pine, St 
Ijule 3. Mo (FOKLNOPORT VWYZ) 
eland } tr M r 


‘ ( Chester 


Ave ‘ and (mio FKNG 

Cramer Co Ine K. W., Box s&s, Center 
brook, Conn. (A) 

Dayton Electric Mfg. Co 118 8 Oak 
ley Bivd., Chicago 12, Dl. (BFHK) 
Dieh! Manufacturing Co Electrical Div 
of The Singer Manufacturing Co., Somer- 

ville, N. J. (BCFHKNY) (Servo) 

Doelcam, Div. of Minneapolis- Honeywell 
Soldiers Field Rd., Boston 35. Mass 

Doerr, Electric Corp 510 N. 4th Ave., 
Cedarburg Wis (FGKL) 

Baton Mfg Co., Dynamatic Div 
Wis, (FKN) 

Eastern Air Devices, Inc 383 Central 
Ave, Dover N H (ABEFIQTU) 
(Servo) 

Electric Indicator Co Ine 05 Camp 
Ave Bpringdale, Conr BCDEFGHI 
uUVvVw) (Servo) 

Electric Specialty ¢ °°. South. Stem 
ford, ¢ FOIKLMNOPUVWYZ 

Emerson Flerctr Mfg. Co., St. Louls 21 
Mo (FGJKLMQR) 

Fairchild Industries, Div. of Fairchild 
Camera & Instrument Corr 110 Main, 
Burlington, Vt. (BCDEFOTH 

Fasco Industries. Inc Rochester 2, N, ¥ 
(BCDFONHYZ&) 

Ford Instrument Co.. Div. of Sperry Rand 
Corp., 31-10 Thomeon Ave, Long Island 
City 1, N. Y¥. (FY) (Servo) 

G-M Laboratories, Inc 43236 N. Knoz 
Ave., @hicago 41, M 

General Electric Co.. Apparatus Sales Div 
Behenectady 5. N 
(BODEFPGHIK LMNOPORSTUVWYZA&) 

General Industries Co, Dept. MI Elyria 
Ohio (BQYZ) 

Hagen Mfg. Co Ine 
Til (ARCDE) 

Hansen Mfg. Co., Inc 
(ABCHEIVXYZ) 

Harnischfeger Corp 
(FGKLMOUY) 

Haydon Co., A. W., 284 N. Elm, Water 
bury 20. Conn. (CXZ) 

Haydon Mfg. Co Ine 2529 Elm, Tor 
rington, Conn (ARCYZ 

Heinze Flectric Co., 685 Lawrence, Lowell 
Mase. (RCDFZ) 

Hertner Electric ¢ 12490 Elmwood Ave 
Cleveland = 11 Obto BCEFGIUVW) 


(Serve 


Kenosha 


202-20th, Moline 
Princeton 3, Ind 


Milwaukee 446, Wis 


- 


Holtzer-Cabot Motor Diy National Pneu 
matic Co., In 125 Amory Joston 19 
Mass. (ABCEFGHIQUVYZ) 

ward I jetrie I bb EM 

1760 State, Racine, Wis ABCDEFG 

HQRTUV YZ) 

Howell Electric Motors Co., Howell, Mich 
(FGKLMNOPQRT) 

Jack & Heintz In 7620 Broadway 
Cleveland 1, Ohio (FK) 

Janette Electric Mfg. Co., 
Nl, (PFGRLQRUV) 

Kearfott Co., Inc., 1878 Main Ave., Clif 
ton, N. J. (UY) (Servo 

Lamb Electric Co., Kent, Ohio (BCDEF 
GHIQRSZ) 

leland Electric Co Div f American 
Machine and Foundry Co Dayton 1 
Ohio (FGKLNOUYV) 

Lima Electric Co 4773 Findlay Rd 
Lima, Ohio (FKN 

Marathon Electric Mfg. Corp.. Cherry & 
Randolph, Wausau, [ll (FGKLNOTYV) 

Marco Industries, Ir Woemelsdorf, Pa 

Master Electric Co Dayton 1 Ohio 
(FGIKLMNOPQRT! Vw) 

Motorsearch Co. 1400 Junction Ave, Re 
tine, Wis. (BQY) 

Oster Manufacturing Co John, Racine 
Wis. (BCFGHUVY&) (Servo and Syn 
chro) 

PM Industries Inc 
Div 272 
Conn (CV) 

Parkar Pe 
Con Warr F« 

Rae Motor Corp 2009 Kewanee St.. Re 
cine, Wis. (BCDFGHYZ&) 

Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd, Cleveland 10, Ohio 
(FGKLNOV) 

Reuland Electric Co 
(KNQ) 

Robbins & Myers Ine Motor Div 
Springfield 99. Ohio (RCDEFPGIKNT) 

Rotr “Ml f for ( T Wood 
toch i 8 rh 

Scruggs Co., Loyd, Festus. Mo. (BCD 
YZ&) 

Bmith Cerp 4 0 P 0 Box 170 
Dayton, Ohio (FKN) 

Goreng Products Corp., 9551 Soreng Ave 
Schiller Park. Til. (F) 

Star-Kimble Motor Div. of Miehle Print 
ing Press & Mfg. Co. 208 Riloomfield 
Ave Bloomfield, N 1 (KE_NOQRYZ 
Rterling Flectric Motors Ine., 5401 Tele 
grapt Ra Tos Angele 29 Callf 
(PENQ) 

Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6. Til 

Transicot! Corp 8414 Germantown Pike 
& Quarrybhall Road, Fairview Village 
Pa. (Servo 

U. 8. Electrical Motors, Ir PO. Bos 
2058, Los Angeles 54, Callf FKNQY) 
Wagner Electric Corp 6454 Plymouth 
Ave St Ijuts 14 M (FOKLNYZ 

Westinghouse Electr Corp Gateway 
Center, Hidg Ne 8 4 Liberty Ave 
Pittspure? ) Pa BCDEFPGHIKIM 
NOMUMSZA 


Morton Grove 


Instrument Motors 
Fairfield Ave Stamford 


Gener Motors 


Alhambra, Calif 


<<< Cll LLL A 


MERCURY RELAYS, See Relays 
MERCURY SWITCHES. See Switches 


METALLIZING EQUIPMENT 


Metallizing Engineering Co 
Prospect Ave Westbury, L. 


METALS, LAMINATED. See Laminated 
Metals, Precious & Base 


METALS, PRECIOUS. See Gold; Lami- 
nated Metals; Platinum; Silver 


METALS, PRE-PLATED. See Pre- Plated 
Metals. 


METALS, RARE 

Fanstee] Metallurgical Corp., North Chi 
eago, Til 

Mallory & Co., Inc., P. R., Indianapolis 


METAL STAMPING TOOLS 


Numberall Stamp & Tool Co., 
Park, Staten Island 12, N 


Huguenot 


METERS. See Instruments 


MICA, GLASS-BONDED See Glas 
Bonded Mica 


MICA, MOLDED and LAMINATED 
(Sheets, Plate Tape, Tubes, Rings, 
Segments, Washers, ete.) 


Continental-Diamond Fibre Div. of The 
Budd Co., In Newark 18, Del 

General Electric Co., Chemical Div., 1 
Plastics Ave Pittsfield, Mass 
Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 


Macallen Co., Bay Rd., Newmarket, N. H 

Mica Insulator Co., Schenectady 1, N. Y 

New England Mica Co Ine 66 Woerd 
Ave., Waltham 54, Mass 


MICA UNDERCUTTERS 
Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, TIL 


MICROPHONES 


General Electric Co., 
Div., Schenectady 1, N 
Telex, Inc., Telex Park, St. Paul 1, Minn. 


Apparatus Sales 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics, Mica, Plas 
tics, Rubber. 


MOLDING MACHINES, PLASTIC 

Baker Brothers, Inc., 1020 Post, Tolede 
10, Ohle 

Kux Machine Co., 6725 N. Ridge Bivd., 
Chicago 26, Ml 


MOLYBDENUM—Sheet and Wire 
(See also Contacts) 


Fanstee] Metallurgical Corp., North Chi 
cag Th 

Mallory & Co., In P. R. Indianapolis 
6, Ind 


MOTOR BASES ADJUSTABLE 
Allis-Chalmers, Milwaukee 1, Wis 


MOTOR CONTROLS and STARTERS 


Bee Controllers, Motor; Push Button 
Stations 


MOTORS and GENERATORS. See Mot 
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WESTINGHOUSE 
SILICON BRIDGES 


How much power 
do you need? 


Westinghouse silicon bridge assemblies are immedi- 
ately available with outputs from 5 to 100 amperes at 
50 to 300 volts peak inverse im standard rectifier 
circuits, 


These new pre-asse mbled = silicon bridges by 
Westinghouse permit a tremendous spacesaving 


compared to equivalent selenium stacks, 


Pypical performance figures using four WN-5051-F 
diodes on 2” x 2” aluminum plates in a single- 


phase bridge. shown at the right, are: 


e continuous-load current 25 amperes 
e leakage current <20 ma @ 300 volts maximum 
peak inverse 


e natural convection 30° C ambient 


A similar assembly with the diodes mounted on 
5” = 5” plates with forced air can carry up to 100 
amperes Continuous, 

Other Westinghouse silicon and germanium di- 
odes can be mounted inh bridges to deliver up to 
600 amperes load current at various voltage ratings. 

For detailed information on silicon and germanium 
bridge s and diodes, contact your local Westinghouse 
sales oflice or write: Westinghouse Electric Corpo- 
ration, 3 Gateway Center, P.O. Box 868, Pittsburgh 


2 , 
30, Pennsylvania. J.09005 


you can BE SURE...iF ITS 


Westinghouse J 


LOAD CURRENT AMPS 


SINGLE-PHASE, FULL-WAVE BRIDGE 
OUTPUT CURRENT VS. AMBIENT TEMPERATURE 


NATURAL CONVECTION — 2°x 2” ALUMINUM PLATES 
30 


60 60 
AMBIENT "C 





MOLYKOTE 


For Electrical Equipment 


On timing devices, variacs, rheostats, knife 
switches, circuit breakers . these are just a few 
of the electrical devices on which MOLYKOTE dry 
lubricant does an outstanding job. 


Apply it wherever conventional lubricants tend 
to gather dust or become gummy, use it to reduce 
wear, seizing, galling and fretting; and depend on it 
to function perfectly at extremely high or low tem 
peratures. In many cases one application has lasted 
the entire lifetime of the equipment. 

Send for detailed information today. 


Information on MOLYKOTE 
Sweet's Product Design File, 


Lubricants 
1955, 


also appeors in 
Section C 


The ALPHA MOLYKOTE Corporation 


65 Harvard Avenue * Stamford, Connecticut 


SPECIALISTS IN DESIGNING AND MANUFACTURING OF ALL 
PURPOSE FASTENERS, WIRE FORMS. TOOLED TO PRODUCE 
OVER 1,000 STYLES IN ANY SCREW SIZE, MATERIAL, FINISH, 
QUANTITY, OR TO YOUR SPECIFICATIONS. 


SERVING INDUSTRY FOR THIRTY FIVE YEARS 
Bulletins Covering Our Complete Line Upon Request. 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS © DIES * STAMPINGS * SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22, 1LLINO'S 


ee 


MOUNTINGS. RUBBER and 
SYNTHETIC 
Barry Controls 
town 72, Mass 

Generali Tire & Rubber Co., Industrial 
I’roducts Div., Wabash, Ind 

Johns Manville Corp., Dureh Brand, Div., 
1800 Woodlawn Ave Chicage 19. Ill 


U. 8. Rubber Co., Kockefeller Center, New 
You 0, N.Y 


Ine., 708 Pleasant, Water- 


MOVEMENTS, CLOCK and TIMING 


Haydon Co, A. W., 234 North 
Waterbury 20, Conn 
Haydon Mfg. Co., Inc., 2529 

rington, Conn, 


Elm, 
Elm, Tor 


NAME and INSTRUCTION PLATES 
© & H Supply Co., Metal-Cal., 415 E 
Keach Ave.. Inglewood 3, Calif 
Continental-Diamond Fibre Div. of The 
Budd Co., Ine., Newark 13, Del 
‘heneral Electric Co., Chemical Div. 1 
Plastics Ave., Pittsfield, Mass. (I’last- 
les) 
Mica Insulator Co., Schenectady 1, N. Y 
NICKEL and NICKEL ALLOYS 
(Red, Sheet, Tubing, Wire) 
Alloy Meta! Wire Div., H. K 
Ine. of Pittsburgh 
American Brass Co., 
(Cupro-Nickel) 
Chase Brass & Copper Co 
Conn 
Driver Co Wilbur B 150 
Ave Newark 4, N. J 
friver-Harris Co Harrison. N. J 
Elgin National Watch Co., Ordnance Div., 
Elgin. Ul. (Cobalt Nickel) 
International Nickel Co., Ine 67 
New York 5. N. ¥ 


Revere Copper & Brass, Inc 
Ave New York 17, N. ¥ 


Porter Co 
Prospect lark, a 
Waterbury 20, Conn 


, Waterbury 20, 


Riverside 


Wall 


230 Park 


NICKEL-SILVER 
(Rod, Sheet, Tubing, Wire) 


Ymerican Brass Co.. Waterbury 26 

(hase Brass & Copper Co 
Conn 

Revere Copper & Trase Ine 220 
Ave New York 17. N. ¥ 
Seymour Manufacturing Co 
Conn 


Conn 
. Waterbury 20 


Park 


Seymour 


NON-MAGNETIC IRON and STEEL 


Bee Steel, Stainless 


NUTS. See 


Fasteners 


NUT RUNNERS. See 


hines 


Screw-Driving Ma 


OHMETERS 


See Instruments 


OILERS. See Lubricators, Oil or Grease 


OSCILLATORS. Ree Instruments 


OSCILLOSCOPES. See Instruments, Elec 
tronle also Hecorders, Oscillographic 
Du Mont Laboratories, Inc., Allen B 
760 Bloomfield Ave., Clifton, N. J 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 


Corp., 100 Kingsland Rd., Cliften 
N. J 


leneral Electric Co, 
Div., Schenectady 5 
Radio Corp. of America 
rison, N. J 
Simpson Electric Co 
Chicago 44, Tl 
Waterman [roducta Co Inc 
Emerald, Philadelphia 25. Pa 


pagerotas Bales 
N 

Tube Div., Har 
, 5202 W. McKinste 
2445-68 


OVENS. INDUSTRIAL 

Michigan Uven Uo., 415 Brainard 
1, Mich 

PACKAGING. See Boxes and Crates 
Containers, Packaging and Shipping 


Detrour 


PACKINGS. Bee Gaskets 


PAINTS. See Lacquers 


Enamels 
and Varnishes 


Paints 


PALLADIUM. See Pistinum and Plat 
inum Preducts. 


PANEL CONTROL UNITS 


Allen-Bradley Co., 1816 8. Second, Mil 
waukee 4, Wis 

Bristol Co., Waterbury 20, Conn. 

Ulark Controller Co, 1146 E 
Cleveland 10, Ohio 

Cutler-Hammer, Inc., 
Milwaukee 1, Wis. 

Sane Signal Corp., 202 20th, Moline 1 
1 

General Electric Co, Apparatus 
liv Schenectady 5, N 

Heinemann Electic (o., 90 
ton, N. J 

Square D Co, 4041 
waukee 12, Wis 

Ward Leonard Electric ( 
Mount Vernon, N. Y 


Westinghouse Electric Corp Gateway 
Center, Bidg. No 


3. 401 Liberty Ave 
Pittsburgh 22, Pa 


Wheeico Instruments Div.. Barber-Colman 
(0., 1408 Rock, Rockford. Ill 


152na 
1264 &. Paul Ave 
Bales 
Plum, Tren 
N. Richards, Mil 
600 South 


PANELS, DIAL. See Dials and Panels 


PANELS, SHEET STEEL 


Bee Shee 
Metal Fabricators 


PAPER, INDUSTRIAL 
Cottrell Paper ©o., Ine., 


Fall River 1, Mass 


Hollingsworth & Vose Co., East Walpole, 
Mase 


88 Purchase, 


FEBRUARY 1956 ELECTRICAL 


Mosinee Paper Dept. EM 
Mosinee, Wis 


West Virginia Pulp and Paper Co., 236 
Park Ave, New York 17, N. ¥. 


Mills Co, 


PAPER, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn 
Continental- Diamond 
Budd Co., Inc Newark 13, Del 

Cottrell Paper Co Inc., 88 Purchase 
Fall River 1, Mass 

Dennison Manufacturing Co., 300 Howard, 
Framingham, Mass 

General Electric Co.. Chemical Div., 1 
Plastics Ave. Pittsfield, Mass 

Hollingsworth & Vose Co., East Walpole 
Mase 

Insulation Manufacturers Corp 565 W 
Washington Bird Chicago 6, TIL 

Minnesota Mining & 


Irvington Div., 
Manufacturing Co, 9 Argyle Terrace, 
New York 16, 


Fibre Div. of The 


Irvington 11, N. J 
Johns-Manville, Lox 60, 
me 


Mica Insulator Co Schenectady 1, N. Y 
Mosinee Paper 


Mills Co., Dept. EM, 
Mosinee, Wis 


National Vulcanized Fibre Co., 
ton 99, Del 
Natvar Corp., 207 
bridge, N. J 
Bpaulding Fibre Co., Ine., 

N.Y 


Wilming- 


Randolph Ave., Woed 


Tonawanda, 
Stevens Product Ine 


Orange N J 
West Virginia Pulp and Paper Co., 286 
Park Ave.. New York 17, N. ¥ 


Matr Fast 


PAPER. PHOTOGRAPHIC REPRO- 
DUCTION 


Bruning Co., Ine., Charles, 4700 Montrose 
Ave., Chicago 41, Ill 

Oralid, A Div. of General Aniline & Film 
Corp., 330 Ozaway, Johnson City, N. Y. 


PAPER, TRACING. 


See Tracing Cloth 
Film and Paper 


PARTS FEEDERS, SELECTIVE 

Detroit Power Screwdriver Co., 2817 W 
Fort, Detroit 16. Mich. (Topper Units) 

Syntron Co., Homer City, Pa. (Vibrator) 


PERMANENT MAGNETS. See Magnets, 
Permanent 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 
American Brass Co., Waterbury 20, Conn 
Chase Brass & Copper Co., Waterbury 20, 
Conn. 
Mallory & Co., Inc., P. R., 
6, Ind 
Revere Copper & Brass. Ine., 
Ave.. New York 17, N. ¥ 
Seymour Manufacturing Co., 
Conn 


Indianapolis 
230 Park 


Seymour 


PHOTOELECTRIC CELLS and TUBES 


Bradley Laboratories, Inc.. 168 Columbus 
Ave., New Haven 11, Conn. 

General Electric Co Electronics Div., 
Electronics Park. Syracuse 1, N. Y. 
International Kectifier Corp 1521 BB 

Grand Ave., El Segundo. Calif. 
Radio Corp. of America, Tube Div., Har 
rison,. N. J 


PHOTOELECTRIC CONTROLS 


Bristol Co Waterbury 20. Conn. 
General Electric Co., Apparatus 
Div Schenectady 5. N. Y¥ 
Mercoid Corp.. 4201 Belmont Ave., Chi 

eago 41, Til 

Westinghouse Flectric 

Center, Bldg. No 
Pittaburgh 22. Pa 
Weston Electrical Instrument 
Frelinghuysen Ave., 


Bales 


Corp Gateway 
3, 401 Liberty Ave 


Corp., 614 
Newark 5, N. J 
PILLOW BLOCKS. See Blocks, Pillow 


PINS, COTTER and LOCK. Bee Fasteners 


PINS. SEAMLESS 


Bead Chain Mfg. Co 
Bridgeport 5, Conn 


13 Mountain Greve 


PLASTICS. COLD MOLDED ane 
INORGANIC. See Ceramics 


PLASTICS MOLDERS, 
and FABRICATORS 


American 
Pa 
Anchor Plastics (€o., Ine 36-36 36th 

Long Island City 6, N. Y. 

Auburn Manufacturing Co., 306 Steck 
Middletown, Conn 

Barber-Colman Co., Dept. A, 1403 Beck. 
Rockford, Il 

Chicago Molded Products Corp., 1034 N 
Kolmar Ave., Chicago 51, DL 

Continental Can Co., Conolite Div., 206 
W. 14th, Wilmington 99, Del 

Continental-Diamond Fibre Div. of The 
Budd Co., Ine., Newark 13. Del. 

Crane Packing Co., 1824 Cuyler Ave... 
Chicago 13, Il 

Davies Molding Co. 1428 N 
Wells, Chicago 10, Ml 

Dimeo-Gray Co., 210 E. Sixth, Daytes 3 
Ohio 

Erie Resistor Corp., Plastics Div., Erie. 
Pa 

Formica Co., 4614 Spring Grove Ave. 
Cincinnati 32, Ohio 

Garfield Manufacturing Co., 20 River Read 
Garfield, N 

Garlock Packing Co., Palmyra, N. Y 

Genera! Electric Co., Chemical Div., 3} 
"lastics Ave.. Pittsfield, Mass 

Genera! Tire & Rubber Co. Industrial 
Products Div Wabash, Ind. 


EXTRUDERS 


Insulator Corp., New Freedom 


Harry, 


MANUFACTURING 





New...for ECONOMICAL drives 


Emerson -Electric 


Shaded-pole Motors 


40 MHP; 1/20, 1/15, 1/12, 1/10, 1/8 HP 


Wherever economy is a factor, these new Emerson-Electric Shaded-pole Motors 


are particularly recommended. They are noted for their quiet, cool operation 


and long, trouble-free life—are suited to such drives as air-conditioner fans, 


air circulators, unit heaters, air humidifiers, evaporative coolers, window fans, 
kitchen ventilators, displays. 


Among many features that distinguish these new motors is Emerson-Electric’s 


exclusive thrust provision which minimizes wear and reduces end play, 


preventing undesirable noise and variable operation, after the motor is in 
service. See illustration. 


Since 1890 Emerson-Electric of si. Louis 


Branches: NEW YORK 7, N.Y. 11 Park Place « CHICAGO 23, ILL, 1623 S. Pulaski Road « SYRACUSE, N.Y 
209 Oakley Drive + PHILADELPHIA (Secane), PA., 868 Quince Lane « DETROIT 7, MICH, 1375 E Jefferson Ave 


CLEVELAND 16, OHIO, 1580 Rockland Ave. « LOS ANGELES 42, CALIF., 5415 York Bivd. « DAVENPORT, IOWA, 
617 Brady St. « CINCINNATI 11, OHIO, 2917 Ratterman Ave 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Quiet Operation! 


] Full-skew rotor design. Carefully com 
* trolled maximum skew eliminates 
electrical and magnetic noises 


2 Two large 4%-inch diameter bearings 
* assure many years of quiet operation 


Special low-durometer-hardness, oil 

. resistant, synthetic-rubber mounting 
rings on all resilient mountings kill 
vibration noises 


Cool Operation! 


4 Wide, open end-shields permit free 
© circulation of cool air over windings. 


5 Double-fan rotor design gives individual 

* cooling to the end coils, Air enters bot 
ends of motor, giving uniform, efficient 
cooling 


Highest Performance! 


6 Indestructible die-cast rotor is heat 
* treated to increase electrical efficiency 
Full-skew rotor design gives smooth, 
steady starting and operating torque 


7 Insulation is specially designed to with 
© stand high humidity conditions 


8 Exclusive end-thrust design provides 
* smooth, quiet operation and long 
trouble-free motor life 


EWLARGED VIEW OF EXCLUSIVE EWD-THRUST DESIGN 


sTee. 
THRUST 
PLATE 


~ 
LUBRICATING 
WOTCHES 


FELT RING a PLASTIC WASHER 


STEEL WASHER 


RETAINING RING THRUST WASHER 


Apertures in the steel thrust plate 
permit lubricant from felt ring to be 
thrust Longer 


continuous operating life is assured. 


carried to surface. 


Get More Information 


For more information on these new 
Shaded-pole Motors, call an Emerson 
Electric motor-drive specialist or write 
for Bulletin No. M-23, THE EMERSON 


ELECTRIC MFG. CO., ST. LOUIS 21, MO 





At Last! 
A LOW-COST R 


PS 
Sc 


Four Gripping Teeth 
HOLD TIGHT 
even on hard or 
slippery plated studs 


a 
HC 


le . 


Stamens 


Long Spring 


Arch compen- 


sates for wear on parts 


Turned-up Ends slide smoothly 
without damage to surface 


Write for free samples, di- 
mensions, prices. State size. 


meen *. |. Robertson Co, Lid, Milton, 


ATTLEPROOF 
os, FASTENER 


/ for die-cast Nameplates, 
Medallions, Grilles, etc. 


TYPE “nH” 


PUSHNUTS 


A 


7 he new Type “H"” Pushnuts 

exert a powerful spring 
force when assembled which 
continues to hold parts tight in 
service, regardless of vibration 
and wear on assembled parts. 
In addition, Pushnuts are lower 
in cost—apply easy and fast 
with manual or power tool 
applicators—do not damage 
studs or seat. Foolproof in 
ssenatble —aundanenel in ser- 
vice. Sizes for Ye", %)” and 
studs. Choice of plain, parker- 
ized or cadium finishes. Try 
Pushnuts! 


The PALNUT Company 
66 Cordier St., Irvington 11, W. J. 


In Caneda 


Ont 


Write 
for 
Catalog 
K-1 


Electronically timed heat cycle 


. for perfect 


FREE 


4 
soldering 


cu 
Eleciionic MICROBRAZER 


Accurate, timed heat pulse 


Eliminates overheating; 


cold joints 


Reduces rejects and trouble 


shooting 


Silver soldering to 1250 


Automatic operation for 


assembly lines 
DEMONSTRATION 
Department 


IN YOUR PLANT 
DE-t 


Gries Reproducer 
Avre., New Hochelle, N. . 

Irvington Div Minnesota 
Manufacturing Co., 
Irvington 11, N 

Kuhn & Jacob Molding & Tool Co., 
Southhard, Trenton 8, N. J 

Kurz-hasch im i419 8 
Dayton 1 Ohio 


Midwest Molding & 


Ii) 
Rand 


Corp., 125 Beechwood 
Mining & 
& Argyle Terrace, 


1204 
Broadway, 


Mfg. Co., Gurnee, 


Mitchell 
New York 
National Vu 
ton 08, Del 
Natvar Corp., 207 
bridge, N. J 
Phalo Plastice Corp., 
ter, Worcester 8 Mase 
Polymer Corp. of Penna., 
Ave Keading Pa 
Porcelain Products, Inc 
Raybestos-Manhattan, Inc 
tile Div Manheim, Pa 
Resin Industries, Inc., Sante 
Calif 
Resistofiex Corp 
Richardson Co 
il 
Rogan Brothers 
Skokie, I) 
Rostone Corp., 
Ryerson & 
Til 
Spaulding 
N. ¥ 


Insulation Co., 51 Murray, 
1. a / 


anized Fibre Co., Wilming- 
Wood- 


& Fos- 


Randolph Ave., 


Commercial 
2120 Feirmon 


Findlay, Ohio 
Asbestos Tex 


Barbara, 


Belleville 9, N. J 
2799 Lake, Melrose Park 
8027 N. Monticello Ave 
Lafayette, Ind 
Son, Inc Joseph T., Chicago 


Fibre Co., Ine., Tonawands 


r I 8 M 

o J 

Sylvania Klectric Products Ine., 
Broadway, New York 19, N. ¥ 

Synthane Corp., 17 River Road 

Taylor Fibre Co., Norristown, 

U. 8 Gasket Co., Camden 1, 
Westinghouse Electric Corp 
Center, Bldg. No. 8, 401 
Pittsburgh 22, Ps 


1740 


Oaks, Pa 


| . a) 
siberty Ave 


PLASTICS — MOLDING, LAMINATING 
CASTING and EXTRUSION 
COMPOUNDS 


Alkyd Molding Compound 

Cellulose Acetate 

Cellulose Nitrate 

Epoxy Resins 

Ethyl Cellulose 

F luoroc arbones 

Melamine Formaldehyde 

Methyl! Methacrylate 

Nylon 

Phenolics 

Plastosols 

Polyethylene 

Polyester Resins 

Milleone Hesins 

Styrenes 

Urea Formaldehyde 

Vinyl Acetal 

Vinyl Alcohol 

Vinyl! Chloride 

Viny! Chloride- 
Vinylidenechioride 

Vinyl Chloride Acetate 

Vinylidene Chloride 


Vinyl 


American Cyanamid Co 
Plaza, New York 20 
Bakelite Co., A Div. of Union Carbide & 
Carbon Corp., 300 Madison Ave., New 
York 17, N. ¥,. (EFHJIMQUY) 
Barrett Div., Allied Chemical & 
Corp., 40 Rector, New York 6 
Celanese Corp. of America, 
Newark 5, N. J 
Dow Corning Corp Midland 
ju Pont de Nemours & Co 
Polychemicals Dept 
Del. (ADGKLPR) 
Durez Plastics Pris 


83D Rockefeller 
N. ¥. (CJQ) 


Dye 
N. ¥ 
200 Ferry 


Mich. (8 
(Ine.), EB. I 
Wilmington 08 


Hooker Electro 
‘ Walek Ra North 
Tonawanda NY (FE) (Casting Re« 

I ‘ I’r I kK 

iv AH 
Electrie Co Chemical 
Plastics Ave., Pittsfield, Mase 

Glastic Corp., 4321 Glenridge, 
21. Ohio (Q) 

Goodrich Chemical Co B F 
DK-1. Rose Bidg., Cleveland 15, 
(INVW 

iH la ra ! 
I 

Insulation Manufacturers 
Washington Bivd., 

Kellogg C« M. W., Chemical Mfg. Div 
Danforth Ave.. Jersey City 5, N. J. (P) 

Koppers Co Ine Chemical Division 
Dept. EM-125, Pittsburgh 19, Pa, (AF) 

Minnesota Mining & Mfg. Co., Electrical 
Products Div 900 Fauquier Ave., St 
Pau! 6, Minn 

Monsanto Chemical Co 
Room 2401 
(CRFYV) 

Plastics 
Wis 

Polymer Corp 
Reading. Pa 

Resistofier Corp 

Rogan Brothers 
Rkokie Til 

Rostone Corp Lafayette. Ind 

Shell Chemical Corr 50 W 
York 20 N. Y. (U 

(. ®. Gasket Co. Camden 1, N. J 

v « Rubber Co Rockefeller 
New York 20, N. ¥ 


PLASTICS, SHEETS, RODS and TUBES 
Aircraft-Marine Product Ir ( 
A rie ) lark I 
‘ | lt ~ 
Campw Wb Chicago Moided 
Corp 7 N Normandy 
cago, | Bheets only) 

Cleveiar Container Co 
Ave., Cleveland 2, Ohio (Tubes) 

Continental-Diamond Fibre Div 
Budd Cx Newark 13, De 

Formica Co Spring Grove 
Cincinnati Ohlo 

General Electric Cc Chemical 
Plastics Ave., Pittsfield, Mass 


General 


Div l 
(EFQS) 
Cleveland 


Dept 
Ohio 


Olean, N. Y 


Corp., 565 W 
Chicago 6, Til 


Plastics 
Bpringfield 2, 


Div 
Mase 
Engineering Co Bheboygan 
of Penna 
(GP) 
Belleville 
ane? N 
(CEJ) 


2120 Fairmont 


®. WwW. 3. (P 
Monticello Ave 


(Ht) 


50th New 


(P) 
Center 


Products 
Ave Chi 

620 Barberton 
of The 
ave 


Div., 1 


FEBRI 


ARY 195¢ 


Genera! Tire & 
Products Div 
Glastic Corp., 
17, Ohio 
Ha Manufa ‘ ‘ W 
brie, Va 
Huug Laborator I Clea N. Y¥ 
iusuiation Mart urefs Corp 65 W 
Washington Bivd., Chicago 6, Dl 
Mica Insulator Co., Schenectady 1, N. ¥ 
National Vulcanized Fibre Co., Wilming 
ton 99, Del 
Polymer Corp., of 
Ave 
Resin 
Calif 
Resinite Corp., Div. of 
Tube Co., 2035B W 
eago 47, Ill 
Resistofiex Corp., 
Kyerson & Son 
m 
Spaulding 
~ © 
Taylor Fibre Co 
U. 8. Kubber Co 
Chicago 39, Ill 
Westinghouse meee 
Center, Bidg. No 
Pittsburgh 22 &, 


Rubber Co 
Wabash, Ind 
4312 Glenridge, 


Industriab 


Cleveland 


Penna 
Reading, Va 
Industries, In 


2120 


Fairmont 


Santa Barbara, 
Precision Paper 
Charleston, ( 


Belleville 9, N. J 
Inc., Joseph T., Chicago, 
Fibre Co Inc Tonawanda 
Norristown, Pa 
2638 N. Pulaski Rd., 
Gateway 


art 
p iberty Ave., 


PLATINUM and PLATINUM 
UCTS. See also Contacts 


American Silver Co., Inc., 
Flushing 54, N. ¥ 
Baker & Co., Inc 113 
NM. J 

Brainin Co, C. 8., 
Vernon, N. ¥ 

General Plate Div Metals 
Corp., 41 Forest, Attleboro 

Handy & Harman, 82 Fulton 
-_ a © 

Leach & Garner Co 
Attleboro, Mass 

Ney Co,, J. M $71 
Conn 

Wilson Co., 
i . 


PROD- 


36-02 Prince, 


Astor, Newark 5, 


318 Washington, Mt 
and Controls 
Mase 

New York 


Industrial Div., 


Vim 


Hartford 1, 


The H. A Dept. E, 2655 


Route 22, Union, N 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias McCormick 
Rd., Chicago 45, Il 


7200 


PLUGS and JACKS. COMMUNICATION 


Electrocraft Div. of Hamilton-Paz, Ine., 
9747 N. Kedzie Ave.. Chicago 18. Til 
Switcneraft inc., 1328 N. Halsted, Chicago 

22. Tl. 
Telex, Inc. Telex Park, St 


Paul 1, Mina. 


PLUGS and RECEPTACLES 


American Phenolic Corp., 1830 8 
Ave., Chicago 50, I 

Automatic Electric Sales Co 
Van Buren, Chicago 7, Ill 

Belden Mfg. Co 4633 W 
Chicago 44 I 

Cannon tlectric Deve 
500. $209 Humboldt 
Calif 

Constantin & Co, L. L., 
N.d 

Cornish Wire Co., Inc 7) 
York 7 N Y 
Crouse-Hinds Co 


54th 
1033 W 
Van Buren, 


Dept 
Angeles 31 


opment Co 
las 


Route 46, Ladi 


Church, New 
Syracuse 1. N. Y 
General Electric Co.. Construction Mate 
rials Div., Bridgeport 2. Conn 
Johnson Co, E. F 2009 Second Ave., 
SW. Waseca, Minn 
Jones Div., Howard B 
Chicago 24, Til 
Joy Manufacturing Co Henry W 
Bldg Pittsburgh 22. Pa 
Pyle-National Co.. 1388 N 
Chicago 51, 
Royal Electric Co.. Inc 
Russell & Stoll Co 
New York 7, N. ¥ 
U s Rubber Co 
New York 20, N. Y¥ 


, Cinch Mfg. Corp., 
Oliver 
Kostner Ave., 


KR. I 
Barclay. 


Pawtucket 
Inc 125 
Rockefeller Center 


PLUGS. EXPANSION 


Wrought Washer Mfg 2200 8 
Milwaukee 7, Wis 


Bay 


PNEUMATIC MOTORS 


See Motors, Air 


PORCELAIN. See Ceramics 


POSTS. BINDING 


Bead Chain Mfg. Co., 13 Mow 
Bridgeport 5, Conn 


ntain Grove, 


POTENTIOMETERS. See 
Allen-Bradley €o., 1316 8 
waukee 4, Wis 
Bourns Laboratories 
Riverside Calif 
Clarostat Mfg. Co Ir 
DeJur-Ameco Corr 45-01 
Long Island City 1 N 
Eastern Precision Resistor Corp., 
bey. Brooklyn 7, N. Y 

I M Ta r I 
la Isla ( n 
Giannini & Co., I G. M., 
Calif 
Helipot 


Rheostats 
Mil 


also 


Second, 
6135 Magnolia Ave., 


Dover, N. H 
Northern Blvd., 


675 Bar- 
Pasadens | 


Corp., Div of Bee 


Ine Sout 


kman Inetru 
ments Pasadena. Calif 

Ohmite Manufacturing ¢ 36138 Howard, 
Skokle ti 

Btackpole Carbon Co St Marys. Pa 


POTS and LADLES, MELTING 


General Electri ( 
Div Schenectady 
Vulcan Electri 


POWDERED METAL PRODUCTS 
also Bearings and Bushings 


Amplex Div., of Chrysier 
E-1, Detroit 31. Mich 

Bound Brook Oi!- Less 
Brook, N. J 

Gibson Electric Co 8349 
Ave Pittsburgh 21, Pa 


See 
Contacts 


Corp., Dept 


Searing Co., Bound 


Frankstowp 


ELECTRICAL MANUFACTURING 





Heavy, felted asbestos walls are applied over and under the varnished cambric 
tapes ... then thoroughly impregnated . . . then the impregnated asbestos is com- 
pressed to a dense, homogeneous wall that ensures long cable life. 


These Flexible Felted Asbestos Walls in Rockbestos A.V.C.° 
Motor Lead and Apparatus Cables... 


keep your equipment operating dependably 


The dense, felted asbestos walls, thoroughly-impregnated with selected com- 
pounds, are the reason why Rockbestos A.V.C. Motor Lead and Apparatus 
Cables give such outstanding service in all types of equipment . . . will add 
dependability and longer life to your products. 


These homogeneous ‘seamless flexible asbestos walls” seal the varnished 
cambric from air and moisture . . . provide long-lasting protection against 
conductor-heating overloads and high ambient temperatures. They add 
strength against damage from flexing. And because these cables won't dry 
out with heat or age, won't rot or bloom from contact with oil or grease, and 
won't burn or carry flame, they give you wire “performance protection” — 


that will help your equipment give the type of dependable operation for 
which it was designed. 


To find out more about Rockbestos trouble-free Motor Lead and Apparatus 
Cables, write or call the Branch Office nearest you. 


ROCKBESTO 


NEW HAVEN 4, CONNECTICUT 


NEW YORK «+ CLEVELAND « DETROIT *© CHICAGO «+ = PITTSBURGH * ST.LOUIS « LOS ANGELES * NEW ORLEANS «+ OAKLAND, CALIFORNIA 


PRECEDING BACK COVE 355 





DESIGNING HEAT INTO YOUR PRODUCT? 


‘1001’ General Electric Heaters Give You 
Design Freedom Plus Easy Installation 


HEATING LIQUIDS 


eon 


DEPENDABLE SERVICE is assured 
by sealed terminals, high-grade re 
sistance wire used in G-E immersion 
vith water in jacket, minimizing heat loss heaters. Milk spoilage is reduced. 


GENERAL ELECTRIC “screw-in” type 
heater is selected from wide variety 
of G-E immersion heaters by manu 
facturer of milk pasteurizers 


EASILY INSTALLED General Electric heater 
is inserted directly into side of pasteurizer 
Immersion heaters provide maximum contact 


HEATING SURFACES 


eZ & 


FLEXIBLE BUT RUGGED G.-E tubular 
heaters are chosen by tire-retreader 
manufacturer after test. Other make 
heaters broke when formed 


EXACT HEAT required for top- 
quality retreading of huge truck 
tires is achieved with high-efficiency 
General Electric heaters. 


GENERAL ELECTRIC tubular heaters bend 
easily to the curved shape of tire retreader. 
Heaters are inserted into grooves in heating 
plate to gain maximum heat transfer 


HEATING PROCESS AIR 


LO 


MANUFACTURER PREFERS G-E 
“clamp-on”’ strip heaters for his high 
temperature ovens. Versatile G-E 
tubular heaters could also be used 


G-E STRIP HEATERS are clamped to bottom 
of oven for maximum air movement. If a high 
degree of temperature uniformity is required 
heaters are clamped to top, bottom, and sides 


FLEXIBLE PATTERN and easy instal 
lation of G-E strip heaters reduces 
manufacturing costs—increases effi 
ciency,improves saleability of ovens 


60-page Catalog of General Electric heaters and 
heating devices — describes full line. Also provides 
helpful application data. GEC-1005G. 
Section F723-5, General Electric Company, 
Schenectady 5, N. Y. 


Name 


Company 


: . GENERAL @@ ELECTRIC 





Mallory & Co., Ine., P. B., Indi 
ger? anapolis 


Radie Cores, Inc., 9540 Tulley Ave., Oak 


Lawn. Ll 
Stackpole Carbon Co., St. Marys, Pa. 
Products, Lm. 


(Iren Cores) 
ola 
Cleveland 4, Ohio 


8 jor Carbon 
ge Ave... 
United States Graphite Co., 1621 Holland, 
Saginaw Mich 
Yale & Towne 
dered Meta 
mont Ave 


Co 
9335 
Ih 


Manufacturing 
Products Div 
Franklin Park 


POWDERS, METAL 


Antara Chemicals Div. General 
Anaiine & Film Corp., 435 Hudson, 
New York 14. N. Y 

Handy & Harman, 82 Fulton, New Yors 
88, N. Y. 

New Jersey Zine Co., 160 Front, 
York 7, N. Y. (Brass, Bronse, 
and Zine) 


Pow- 
Bel 


Sales 


New 
Copper 


POWER SUPPLY UNITS 


American Television & Radio Co., & 
Pau! 1, Minn 

Condenser Il’roiucts Co., Div., of New 
Haven Clock & Watch Co., 140 Hamil- 
ton, New Haven. Conn 

Doelicam, Div. of Minneapelis-Honeywell. 
Soldiers Field Rd., Boston 35, Mase 

Dressen-Barnes Corp., 250-C, N. Vinedo 
Ave., Pasadena 8 Calif 

Electro Product Laboratorle 
N. Ravenswood Ave Chicago 

Fansteei Metallurgical Corp., 
cago, Ill 

Melle & Co., P. B., 

METALS 


Ind 
Copper, Steel, Zine, 


In 4501 
10, Ii 
North Chi- 


Inc., Indianapolis 


PRE-PLATED 
Brass, 
Strip. 

American Nickeloid Co., 

Apollo Metal Works 
Ave Chicago 38 

Southern States Tron 
Box 1159, Savannah, 


Aluminum, 
Sheet and 


Peru 8, Il 
6678 8. Oak Park 


Th 
Roofing Co.. P.O 


Ga 


PRESSES. MOLDING. See Molding Ma 
chines, Plastic 


PRINT MACHINES 
Bruning Co 
Chieago 
Onalid, A 
Corp 


Charles 
41, Il 

Div. of General Aniline & Film 
330 Ozaway, Johnson Clty, N. Y 


4700 Montrose Ave., 


PUMPS 


Allis-Chalmers, Milwaukee 1, 
Bendix Aviation Corp., 
ney, N. Y¥ 
Robbins & 
Springfield 


Wis 
Scintilla Div., Sid- 
Myers Ine., 
99, Ohlo 


Pump Div., 


PUSH BUTTON STATIONS 


Allen-Bradley Co., 1316 8. Second, 
waukee 4, Wis 
Allis-Chalmers. Milwaukee 1, Wis 
Automatic Electric Sales Corp., 10838 W 
Van Buren. Chicago 7, Til 
Clark Controller Co., 1146 EK. 152nd 
Cleveland 10. Ohio 
N. ¥ 
Paul Ave., 


Crouse-Hinds Co., Syracuse 1, 
Cutler-Hammer, Inc., 1264 St 
Milwaukee 1, Wis 
General Electric Co 
Div., Schenectady 5 
Micro Switch Div 
Regulator Co 
National Acme 
land & Ohlo 
Pyle-National Co 
Chicago 41 mM 
Square Tl) €o 4104) 
kee 12, Wis 
Ward Leonard Electric 
Mount Vernor N. Y¥ 
Weatinghoure Fleetri Corp 
Center, Bide 401 
Pitteburgh 22 


Apparatus Sales 
ms © 

M Inneapolis- Honeywell 
Freeport, Tl 
Co., 176 EB. 181st, Cleve- 


1888 N. Kostner Ave 


N. Richards, Milwau 


Co., 600 South, 
Gateway 
Liberty Ave., 
Pa 


PYROMETERS 
Assembly 
Ohio 
Bristol Co 
TAGHahue 


Products, Ine., Chesterland 14, 
Waterbury 
Instruments 
Electrical Instrument 
linghuyeen Ave 
Thermo Flertrie Co 
River Township 
Office. N. J 
Wheelco § Inetrument 
Co 1403 Rock 


20, Conn 


Div., Weetern 
Corp., 


614 Fre- 
Newark 5. N. J 


109 Fifth, Saddle 
Rochelle Park Post 


Die Barber-Colman 
Rockford, Ml 
REACTORS 


See Transformers 


RECORDER 
1C. See Ir 


COMPONENTS, 


struments 


MAGNET 


RECORDERS, COMPUTER 


ments, Electronic 


See Instru 


RECORDERS 


See 


GRAPHIC 
Instruments 


RECORDERS, OSCILLOGRAPHIC 


Sanborn Co.. Industrial Div, 
chusetts Cambridge 


195 
39 


Masse 


Ave Mass 


RECTIFIERS, SEMICONDUCTOR 


Acme Electric Corp 
Automatic Electric 
Van Ruren, Chicago 
Bogue Electric Manufacturing Co 
Ave Paterson 3, N. J 
Bradley Laboratories, Inc 
Ave New Haven 11 
& Copper Oride) 
Fansteel Metallurgical Corp., Rectifier 
Div., North Chicago, Ill. (Selenium) 
Federal Telephone and Radio Co., Div. of 
Internationa Telephone and Telegraph 
Corp., 100 Kingsland Rd, Clifton, N. J 


Cuba 


60 lows 
(Silicon) 
168 Columbus 
Conn, (Selenium 


READER INQUIRY SERVICE CARDS 


PRECEDING 


General Electric Co., Apparatus Sales 
Div.. Schenectady 5, N. Y. (Selenium, 
Copper Oxide, Industrial Germanium) 
General Electric Co., Electronics Div., 
Electronics Park, Syracuse 1, N. Y. 
(Germanium Diode) 
International Mectiner Corp., 
Grand Ave., El Segundo, Calif 


ium) 
Mallory & Co., Inc., P. R., Indianapolis 
6. ind. (Magnesium-Copper Sulphide) 
Radio Receptor Co., Ine., Semiconductor 
Div., 251 W. 19th, New York 14, N. ¥ 
(Germanium Diode, Selenium) 
Sarkes Tarzian, Inc., Rectifier Div., Dept 
College Ave., Bioomington 


1521 E 
(Selen 


M-3 415 N 
Ino 

Syntron Co., Homer City, Ps 

Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. (Selenium) 

Transitron Electronic Corp., Melrose 76 
Mass. (Silicon) 

Union Switch & Signal 
house Air Brake Co., 
Pa. (Selenium) 

Westinghouse Electric Corp., 
Center, Bldg. No. 3, 401 
Pittsburgh 22, Pa 


Div., Westing 
Pittsburgh 18 


Gateway 
Liberty Ave., 


RECTIFIERS, TUBE TYPE 


Allis-Chalmers, Milwaukee 1 
Amperite Co., Ine 561 
York 12, New York 
Electrons, Inc., 127 Sussex 
vo me 4 

General Electric Co Apparatus 
Div., Schenectady 5, N. ¥ 

Radio Corp. of America, Tube Div., 
rison, N. J, 

Westinghouse 
Center, Bidg 
Pittsburgh 2 


Wis 


Broadway, New 


Ave., Newark 
Sales 
Har 
Electric 


No. 3, 
2, Pa 


Gateway 
Liberty Ave 


Corp., 
401 


REGULATORS, MOTOR SPEED 
Controllers, Motor 


REGULATORS, 
Thermostats 


TEMPERATURE 


REGULATORS, 
Transformers 


VOLTAGE. See 
Variable- Voltage 


x. F 


Wis 
Broadway, 


Acme Electric 
Allis-Chalmers 
Amperite Co 
York 12, N 
Bogue Electric Manufacturing Co 
Ave., Paterson 3, N. J 
Burlington Instrument Co., 
Burlington, lowa 
Curtiss-Wright Corp., 
General Flectric Co Apparatus 
Div Schenectady 5. N 
R-B-M Div Essex Wire 
port. Ind 
Sola Flectric Co., 
50, 
Sorensen & Co., Inc., 875 
Stamford. Conn 
Victoreen Instrument 
Ave.. Cleveland 14, Ohio 
Westinghouse Electric Corp Gatewas 
Center, Ridge. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


Corp., Cuba, 
Milwaukee 1, 
Ine., 561 
Y 


New 
60 Towa 
125 


Third 


N. J 
Sales 


Carlstadt, 


Corp Logans 


4633 W. 16th, Chicage 


Fairfield Ave 


Co 8800 Perkine 


RELAYS and CONTACTORS 
A'G'A Div. of Flastic Stop Nut 
of America, 1027 Newark Ave., 
heth 8. N. J 
Adams & Westlake 
(Mercury) 
Advance Wlectrte 
North Naom! 
AEMCO., Inc., 


Corr 
Eliza 
Co Fikhart Ind 
and Relay Ca 
Burbank, Calif 
60 State. Mankato 
Allen-Bradley (Co 1316 8. Second 
waukee 4. Wis 
Allied Control Co 
New York 21 
Allls- Chalmers 


2435-M 


Minn 
Mi! 


Ine 2 
N.Y 
Milwaukee 1, Wis 
Amperite Co Ine 41 Broadway, New 

York 12. N. Y (Delay Thermostatt: 

Metal Bulh Type) 
Assembly Products 

Ohle 
Automatic Electric Sales 

Van Buren. Chicago 7 
Automatic Switch Co., 

Orange. N. J 
Barber-Col 

Rockford 
Bristol Co.. Waterbury 
Clare & Co, C. P., 

Chicago 45, Ill 
Comar Electric Co, 

Chicago 18, Il, 
Cramer Co., Inc., 

brook, Conn 
Curtiss-Wright 

(Time Delay) 
Cutler- Hammer, 

Milwaukee 1, 
Durakool, Inc., 


Fast End Ave 


Ine Chesterland 14 


Corp., 
mH 
893 Lakeside 


193838 W 
Ave 


man Co 


ml 


Dept. A, 1403 Rock 


ry) 
3101 


Conn 
Pratt Bivd 
3349 W 


w., 


Addison 


K Box 8, Center 


Corp., Carlstadt, N. J 


Inc., 1264 Bt. Paul Ave 
Wis 

Elkhart, Ind. (Mercury) 

Edison, Inc., Thomas A., Instrument Div 
Dept. 53, West Orange, N 

Federal Telephone and Radio Co. Div. of 
International Telephone and Telegrapt 
Corp., 100 Kingsland Rd., Clifton, N. J 

Filtors, Inc 30 Sagamore Hill Dr., Port 
Washington, L. I, N. ¥ 

Five Star Ce., Plante 
Conn 

G-V_ Controls Ine « 
Fast Orange, N. J 

(enera ( ontrols (‘oo af) 4 en Ave 
Glendale 1, Calif 

General Electric Co Apparatus 
Div Schenectady 5. N. Y 

Guardian Electric, 627-A 
Chicago 12, Il 

Haydon Co A. W., 
bury 20, Conn 
Haydon Mfg. Co., 
rington Conn 

Heinemann Fiectric Co. 99 Plum 
2, N. J. (Time delay) 

Kellogg Switchboard 
W. Monroe 
Impulse 


Place, Pilanteville 


Hollywood Pilase 


Bales 
W. Walnut 
234 N. Elm, Water 


Inc., 2529 Elm 


Tor 
Trentor 


and 
Chicago 3 


Supply Co 1% 
a) (Magnet 


BACK COVER 


ye RAL 


motors 


engineered to meet your needs 


Careful analysis and testing of your product together with 
experienced RAE Engineers is your assurance of the best 


a 
a 
a 
a 
a 
a 
a 
a 


motor for the job. RAI 


q 


offers outstanding service and 
uality in a large variety of motors in voltages up to 250, 


and up to 4 H.P. (higher for intermittent duty) with many 
gear head motor combinations, Let us put our years of 
motor building experience to work for you. 


AC/DC Universal 


Send for the “‘RAE"’ service sheet 
it will help you supply the data 
necessary for recommendations and 
prices 


DC Shunt wound 
DC Series wound 


DC Compound wound 
Gear Reduction Motors 
Go 


Motors for Rheostal Control 
M 


Rae MOTOR CORP. 


2009 Kewaunee S$! 


vernor Controlled Motors 


* Racine, Wis 


jotors for Electronic Control 


Just a minute— 
Please don’t get us wrong... 
we like quantity business, too 


Just the other day an engineer told us: “I'd have 


asked you to quote on thi ord rif I'd only real 


ized you hand| juantity produ tron. But, some 


how, I got the impression that you specialized in 


custom-built 


transformers small 


in quantith } 


only 


; Whoa!” “Sure 


custom-built transformers, 


we shouted we specialize in 


but we can make ‘em 


custom built in} what ver quantity you need 


Maybe the do handle 


tities will help you. Why not write and ask for 


fact that we large quan 


more information 


Just off the press! 16-page, illustrated brochure describing 
Caledonia's services and facilities for custom designing 


and manufacturing transformers 


CALBDONIA 


Dept. EM-2, Caledonia, N. Y, 





timing motors 


For timing machines, action signs, 
recording thermometers, switches, 
stoker controls, etc. Guaranteed to 
pull 6 in. oz. at 1 RPM. Gear re- 
duction units available to convert 
any speed. Mount in any position, 
can be stalled indefinitely without 
coil damage, operate in tempera- 
ture range of —40 to 140 F 


. . . 

timing machines 

For program clocks, time recorders, 
time clocks, draft regulators, ete. 
Starts instantly at full speed. Life- 
time lubrication External shaft 
driven through friction clutch 

no chance of damaging gear-train 
1 RPM motors give following 
speeds: 1 RPM, 1 RPH, 1 RP 12 H, 
1 RP 24 H. Other speeds available 
for unlimited combinatiens 


clock movements 


For clocks up to 26” under glass 
Perfectly balanced and coordinated 
Rear, bottom, or front set, with or 
without dustproof case. Complete 
with hands, ready to mount. De- 
pendable ond reliable, world fa- 
mous for sustained accuracy 


MAIL COUPON FOR ENGINEERING DATA OR CON.- 
TACT ONE OF THESE HANSEN REPRESENTATIVES: 


The Fromm (o., 5254 W. Madison St., Chicago 

R. H. Winslow & Assoc., 123 E. 37th St., New York 

Electric Motor Engineering, 8255 Beverly Bivd., Los Angeles 48 
Lawrence Sales Co., P.. Box 13026, Dallas, Texas 


HANSEN MANUFACTURING CO., INC., Princeton 3, 
Send catalog and engineering data to 


NAME 
FIRM 


ADDRESS 


Leach Relay Div., Leach Corp., 5015 Ave 
lon Bivd., Los Angeles 3, Calif 

Magnecraft Electric Co., 3852 W. Grand 
Ave., Chicago 51, I) 

Mercoid Corp., 4201 Belmont Ave., Chi 
ago 41, Il 
r } M ifa ' g « (, 
tm 

Vtnmite Manufacturing Co., 3613 W 
Howard, Skokie. Di 

Whillips Control Corp., A Sub. of Thor 
Corp., 59 W. Washington, Joliet, Il 

Potter & Brumfield Mfg. Co., Inc., Bub 
of American Machine & Foundry Co., 
Princeton, Ind 

R-B-M Div., Essex Wire Corp., Logans 
port, Ind 

Signal Engineering & Mfg. Co.. 278 
Branchport Ave., Long Branch, N. J 

Square D Co., 4041 N ichards, Milwau 
kee 12, Wis 

Sterling Engineering Co., Ine., Div. of 
American Machine & Foundry Co., 54 
Mill, Laconia, N, H 

Union Switch & Signal Div., Westinghouse 
Alr Brake Co., Pittsburgh 18 Pa 

Ward Leonard Electric Co., 600 South, 
Mount Vernon, N . 

Westinghouse Electric Corp Gateway 
Center, Bidg. No. 3, 401 Puberty Ave., 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark 5 R J 

Zenith Electric Co., 152 W. Walton, Chi 
eago 10, Til 


REMOTE CONTROLS. See Push Button 
Btations; Relays and Contactors 
Switches: Controls, Pressure & Tempera 


ture 


RESINS. INSULATING. See Varnishes 
Compounds and Resins 


RESISTANCE ALLOYS 

Driver Co Wilbur B.. 150 Riverside 
Ave. Newark 4, N. J 

Driver-Harris Co., Harrison, N. J 


RESISTANCE HEATING UNITS. Ber 
Heating Elements and Units 


RESISTANCE LINE CORDS 


General Electric Co.. Construction Mate 
rials Div., Bridgeport 2, Conn 


RESISTANCE WIRE. See Wire, Resist 
ence 


RESISTORS, INSTRUMENT and RADIO 


Aerovox Corp., New Bedford, Mass 

Allen-Bradley Co., 1816 8. Becond, Mil 
waukee 4. Wis 

Amperite Co Inc., 561 Broadway, New 
York 12, N. Y. (Bulb Type) 

Carborundum Co., Globar Div., 
Falls, N. Y 

Centrala Div of Globe-Union, Ine 
962L, BE. Keefe Ave., Milwaukee 1, Wis. 

Clarostat Mfg. Co., Inc., Dover, N. H 

Cutler-Hammer, Inc., 1264 8t. Paul Ave 
Milwaukee 1, Wis 

Dale Products Inc., 1306 28th Ave., Colum 
bus. Nebraska 

Eastern Precision Resistor Co., 675 Bar- 
bey, Brooklyn 7, N. Y. 

Erte Resistor Corp., Electronics Div., Erie 
** 

Hardwick, Hindle, Inc., 40 Hermon, New 
ark 5, N. J, 

Mallory & Co., Inc., P. B., 
6. Ind 

Ohmite Mfg. Co., 3618 Howard, Skokie, 
1 

Radio Corp. of America, Tube Div., Har 
rison, N. J 

Resistance Products Co., 912 8. 138th, 
Harrisburg. Pa 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Square D Co.. 4041 N. Richards, Milwau 
kee 12, Wis 

Steckpole Carbon (Co., &t. Marys, Pa 

Telex. Inc. Telex Park, St. Paul 1, Minn. 

Tru-Ohm Products, Div. of Model Engi 
neering & Mfa.. Inc., 2800 N. Milwau 
kee Ave.. Chicago 18, Til 

Viectoreen Instrument Co 3800 Perkins 
Ave Cleveland 14, Ohto 

Ward Teonard Electric Co., 600 South 
Mount Vernon. N. Y. 

Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark 5, N. J. 


Niagare 


Indianapolis 


RESISTORS, POWER CIRCUIT 
Allen-Bradley Co., 1816 8, Second, Mil- 


waukee 4, Wis 
Carborundum Co,., Globar Div., 
Fells, N 


Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 

Dale Products Inc., 1306 28th Ave., 
Columbus. Nebraska 

Erie Resistor Corp., Electronics Div., 
Erte. Pa 

General Electric Co Apparatus Sales 
Div Schenectady 5, N. Y 

Hardwick, Hindle, Inc., 40 Hermon, New 
erk 6. N. J 

Mallory & Co., Inc., P. R., 
6. Ind 

Onmite Mfg. Co., 3613 Howard, Skokie, 
i 

Sprague Electric Co., 807 Marshall, North 
Adame Mase 

Tru-Ohm Products. Div. of Model Enet 
neering & Mfg. €o.. Inc.. 2800 N. Mil 
waukee Ave Chicago 18, Ill 

Ward Leonard Electric Co., 600 South 
Mount Vernon, N r 


Niagara 


Indianapolis 


RESOLVERS See Servomechanismes 


RHEOSTATS. INSTRUMENT and RADIO 
Allen-Bradley Co, 1816 8. Second, MU 
waukee 4. Wis 


Amperite Co., Inc., 561 Broadway, Nee 
York 12, N. Y¥. (Bulb Type) 


Clarostat Mfg. Co., Inc., Dover, N. H. 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 

DeJur-Amsco Corp., 45-01 Northern Blvdé., 
Long Island City 1, N. Y. 

Har rich, Htadie, Inc., 40 Hermon, New 


ark 5 
Mallory & Co., Inc., P. B., Indianapolis 
Ohmite Mfg. Co., 3613 Howard, Skokie, 


6, Ind 
Il 
Rex Kheostat Co., Baldwin, N. Y. 
Sticht Co., Inc., Herman H., 27 Park Pi. 
New York 7, N. ¥ 
Tru-Ohm Products, Div. of Model Engt- 
neering & Mfg., Inc., 2800 N. Milwae- 
kee Ave., Chicago 18, Ill. 
Ward Leonard Electric Co., 600 South. 
Mount Vernon, N. Y¥ 


RHEOSTATS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4. Wis 

Clarostat Mfg. Co., Ine., Dover, N. BH 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1. Wis 

DeJur-Amsco Corp., 45-01 Northern Blvé., 
Long Island City 1, N 

General Ulectri Co Apparatus Sales 
Div Schenectady 5, N. Y 

Hardwick, Hindle, Inc., 40 Hermon, New- 
ark 5. N. J 

National Electric Controller Co., TOT6 
Glenwood Ave., Chicago 26, TI, 

Ohmite Mfg. Co,, 3613 Howard, Skokie, 
rl 

Rex Rheostat Co Baldwin, N. Y. 

Tru-Ohm Products Div. of Model Engt- 
nering & Mfg. Ine., 2800 N. Milweo 
kee Ave., Chicago 18, Til 

Ward Leonard Electric Co., 
Mount Vernon, N. Y. 
Westinghouse Electric Corp., Gateway 
Center, Ridg. No. 8. 401 TAberty Ave.. 
Pittsburgh 22. Ps 


600 Bouth. 


RINGS. COLLECTOR 


Flectro Tee Corp 4 Romanelli, South 
Hackensack, N. J 

General Findings and Supply Co, In 
dustrial Div., Attlebore, Mass. (Precious 
Metal) 

General Plate Div Metals & Controle 
Cor | Forest Attlebor M 
(Precious Metal) 

Graphite Metallizing Corp 1959 Nepper- 
han Ave Yonkers 3, N. Y 

Makepeace Co. D. F.. Div of Tinton Plate 
and Wire Co., Attleboro, Mass 

Ney Co, J. M., 871 Elm, Hartford 1, 


Conn 

Nippert Flectric Products Co.. 1758 W. 
Mound Columbus 23, Obte 

P M Industries. Inc., 272 Fairfield Ave., 
Stamford, Conn 

Triple “M’ Electronentsa Div., Midwest 
Molding & Mfg. Co., Gurnee, TH. 


Wilson Co. The H. &. Dept. E., 2688 
U. 8. Rowte 22, Union, N. J 


RINGS, RETAINER and SNAP 


Associated Spring Corp., Bristol. Conn 

Garrett Co., Inc., George K., Philedelphie 
34. Pa 

National Lock Washer Co., 40 Hermea, 
Newark 5, N. J 

Radio Frequency Laboratories, Inc., Boon 
ton 9, N 

, 8. asket Co., Camden 1, N. J 

Waldes Kohinoor. Inc., 47-16 Austel PI, 
Long Island City 1, N. Y. 


RIVETS. See Fasteners 


RIVET SETTING MACHINES 


Chicago Rivet & Machine Co., 9609 W 
Jackson Blvd Bellwood, Il. 

Milford Rivet & Machine Co., Milford, 
Conn 


ROLLER BEARINGS. See Bearings, Bal 
& Roller 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products, Div. Westers 
Felt Works, 4021-4139 W. Ogden Ave., 
Chicago 23, Ill. (Silicone) 

Asbestos Textile Div., Raybestos-Manhat- 
tan, Ine., Manheim, Pa 

Auburn Manufacturing Co., 806 Stack, 
Middletown, Conn 

Chicago Rawhide Mfg. Co., 1301 Elstes 
Ave., Chicago 22, Tl. (Silicone) 

Dow Corning Corp.. Midland, Mich. 
(Billeone) 

Enjay Co., Inc., 15 West Gilet, New 
York 19, N. Y 

Qarlock Packing Co., Palmyra, N Y¥ 

General Electric Co.. Chemical Div., 3 
Plastics Ave Pittsfield, Mase 

General Tire & Rubber Co., Industrial 
Products Div Wabash, Ind 

Goshen Rubber Co., Ine P. O. Box 517 
Goshen, Ind 

zohns-Manville Corp Dutch Brand Dtv., 
7800 Woodlawn Ave, Chicago 19. MM 

Phoenix Manufacturing Co., Rubber Prod 
ucts Div Joliet, Tl 

Seamless Rubber Co., New Haven 8 Conn 

Stalwart Rubber Co., 197 Northfield Rd., 
Bedford. Ohio (Silicone) 

vu 8 Rubher Co Rockefeller Center 
New York 20, N. ¥ 


SAWS, COMMUTATOR. See Commutater 
Saws & Slotters 


SCRAPER RINGS. See Rings, Retainer 
& Snap 


SCREW DRIVERS, 
Tools, Portable 


PORTABLE. See 


SCREW-DRIVING MACHINES 

Detroit Power Screwdriver Co., 2817 W 
Fort. Detroit 16, Mich 

Ingersoll-Rand Co Phillipsburg, N. 2 
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LONG LASTING! ACCURATE! 


You see 


FREEWAY 
WASHERS 


for Automatic everywhere a. 


TIMING 

MIXING 
COMPOUNDING 
PROCESSING AND 
SIMILAR 
OPERATIONS 


Zenith Multi-Circuit Timers are precision designed and 
built toaccurately time any automatic operation, includ- 
ing appliances, commercial and industrial applications. 


Can be set for on and off periods with as many cir- 
cuits as desired. Furnished with or without synchro- 
nous motor for elevator control, limit switch and like 
operations 


AVAILABLE NOW IN ANY QUANTITY! 


Write today for bulletin containing data on 
volts, cycles, circuits and prices. 


See classified telephone directory for name of local distributor. | Mi 


ZENITH ELECTRIC Pry 


152 W. WALTON ST. CHICAGO 10, ILL. 


Identify Wires Permanently because they’re 


Easy fo apply, replaces obsolete string made better and cost less! 


and paper identification methods. 


Regardless of the metal you specify ... you'll 
find Freeway Washers are made better, cost less! 
They're flat, burr-free, concentric . . . to cut as- 
: ; : > sembly time in your own plant. And they're 
. ae oe, See Senet nee = Priced LOW. . . because patented dies en- 
* Big variety, oll styles . a yy able us to pass definite production savings 
A oe "Tet wie. = 4 onto you. Quotations gladly submitted. 


telephone, motor and ~ - 
generator manufacture, , Freeway semi-precision ball bearings, for shafts to , 


etc — ; r 54”, have case hardened races to withstand heavy 
Free Samples and ~ = : < jel he loads, An ideal, inexpensive answer to your 
Literature Upon Request low RPM problems. Write today a 


NATIONAL BAND & TAG CO., Dept. 9-64, Newport, Ky. 


Freeway-formed stampings are blanked, drawn and 
trimmed in ONE operation. This exclusive processing 
method insures you better small parts at minimum 
cost. The coupon will bring you additional facts 


FOLDING DOUBLE CUPPED WASHER LUGS 


o=— Solderless mmm )O) 


Easy to Apply — 
| one No Special Tool Needed 
P. O. Box 1756, Cleveland 5, Ohio 


One-Piece Construction 
Gentlemen: Please send us more facts about 
Liticient in ee SH Write tor ( ) W ashers, ( ) Bearings, ( ) Stampings 


Bellen @-OF O. 
oe sS Company 
Kevroer « Hvuperout 


Street 
WALSH BLDG. * CINCINNATI 2, OHIO 


City 
Signature 


Me 


Pe oom SO DE we ON a 


Se 


READET 





Announcing The New 


CLE-MATIC BRAKE MOTOR 


For years industry has needed an 
adjustable, mechanical Brake Motor 


HERE IT IS 


This new motor 


advantages and 


offers many 
applications not 
found in conventional motors 

Mechanical action — simple in adjustment. 
Quick or gentle stopping and starting. 
Special designs for special applications. 
Ideal for lathe work, bridge and trolleys. 

send for 


illustrated folder 


OTHER PRODUCTS 
We build Squirrel Cage Motors in fractional HP 
through 405. Slip Ring Motors 204 to 505. Many 


others available soon, Write for data and prices 


THE 


eta MOTOR Yo TWh 


213 CHESTER AVENUE «¢ CLEVELAND 3, OHIO 


CUT BUS Tatra ia 


with the 


ry ake 


(“214” DOUBLE 


RIVET SETTER yj 


The “214” auto 

matically feeds, inserts 

and clinches two rivets ata 

with speed that may mean a 
big saving in your fastening costs 


14° throat makes large assem 
blies easy to handle. For up to 
%q" diameter steel tubular rivets— 
lengths to %". Quick Change Rotary 
Type Hoppers and Raceways pe rmit 
a S-minute changeover to rivets of 
different size. Adjustable anvils 
and riveting centers add to its 
versatility 


Ask us how the “214° can help 
you cut costs. Send a sample of 
your problem assembly (or blue 
print) for a Free fastening analysis 


FREE CATALOG 


contains valuable engineering information and 
rivet specifications plus illustrated descriptions 
of 26 Chicago Automatic Rivet Setters 


kwet & MACHINE CO. 


9609 West Jackson Boulevard, Bellwood (SuS28°) Illinois 
Branch Factory: Tyrone, Pa. 
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SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics 


Aluminum Co of America, 2090-B Alcos 
Bidg., Pittsburgh 19, Pa 

Chase Bras & Copper Co., Waterbury 20, 
onn 

General Findings and Supply Co., In 
dustrial Div., Attleboro, Mass. (Precious 
Metal and Preeision Parts) 

Milford 


Milford Hivet & Machine Co., 
Conn 
13let, Cleve 


National Acme Co., 
land 8, Ohio 


176 


SCREWS. Bee Fasteners 


SEALING COMPOUNDS. See Coments 


Insulating & Sealing; Wazes & Com 
bounds 


SEALS and TERMINALS, HERMETIC 
American Lava Corp., Chattanooga 6 


Tenn 

Constantin & Go., L. L., Route 46, Lodi, 

Electrical Industries Div 
Electronic Corp 44 
Newark 4, N. J 

Fusite Corp., 6028 Fernview Ave., Cin 
cinnati 13, Ohie 

General Ceramics Corp., Keashey, N. J 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. (Glass Bush 
ings) 

Hermaseal Co., Inc 
Ind 

Hermetic Seal Products Co., 
Newark 7, N. J 

Kearfou Ce Ine., 

ton, N. J 


of Ampere 
Bummer Ave 


1010 Main, Elkhart 


43 8. 6th 
1378 Main Ave, Clif 


SEALS, MECHANICAL, 
Crane Packing Co 1824 
Chicago 13, Il 
Garlock Packing Co 


(Rotary Shaft) 
Cuyler Ave 


Palmyra, N. Y 


SEALS, OIL and GREASE 


Chicago Rawhide Mfg Co 1801 
Ave, Chicago 22, IN 
OGariock Packing Co., Palmyra 
Gite Brow Mfg. Co 1840 & 
Ave., Chicago 23, Tl) 
Syntron Co., Homer City, Pa 
U. 8 Gasket Co., Camden 1, N. J 


Elston 


7 2 
Kilbourne 


SELENIUM RECTIFIERS. See Rectifiers 


Semiconductor 


SEMICONDUCTOR 
Rectifiers 
and Crystal 


PRODUCTS ber 
Semiconductor; Transisters 
Diodes 


SERVOMECHANISMS (Controls, Syn- 
chres, ete.) Also see Motors 


Kristol Co., Waterbury 20, Conn 

Clifton Precision Products Co., Inc., Clif 
ton Heights, Pa 

Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Somer 
ville, N. J 

Doeicam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 34. Mase 

Perd Instrument Co., 31-10 Thompson 
Ave.. Long Island City, N. Y 

G-M Laboratories Inc., 4838 N 
Ave., Chicago 41, Til 

Kearfott Co.. Inc., 1378 Main Ave., Clif 
ton, N J 

Oster 
Wis 

Servospeed Co Tlv of 
Inc., 4 Godwin Ave 


Knox 


Manufacturing Co John, Racine 
Electro-Devices 
. Paterson 1, N. J 


SHAFTS. FLEXIBLE 


{ x Gasket Co Camden 1 N J 


SHEAVES. See Drives. Belt 


SHEET METAL FABRICATORS 


Cox Co., H. F., 601 Ottawa Ave, N.W., 
Grand Rapids 2, Mich 

Hoffman Engineering Corp., Dept. EM~-25 
Anoka, Minn. (Terminal and Pull Boxes) 

Hudson Tool & Die Co., Inc., 118-122 8 
14th Newark 7, N. J 

Industrial Equipment Co 210 
Minster, Ohio 

Kirk & Klum Manufacturing Co $122 
Forrer Cincinnati 9 Ohio 

Par-Metal Products Corp 
Long Island City 3, N. ¥ 


Indiana 


32-48 49th 


SHEETS. ELECTRICAL. See Steel, Elec 
trical 


SIGNAL DEVICES 
Crouse-Hinds Co., 
Pyle- National Co., 
Chicago 51, Tl 
Bignal Engineering & Mfg. Co., 278 
Branchport Ave Long Branch. N. J 


Syracuse 1, N. Y¥ 
1388 N. Kostner Ave., 


SIGNAL 
Lights 


LIGHT ASSEMBLIES Ree 
Pilot and Indicator 


SILICON DIODES. See 
Crystal Diodes 


Transistors and 


SILICONES 


Auburn Manufacturing Co. 
Middletown, Conn 
Continental. Diamond 
13, Del 
Dow Corning Corp 
Formica Co 4614 Spring 
Cincinnatt 32, Ohio 
Garlock Packing Co., Palmyra. N. Y 
General Electric Co., Chemical Div., 1 
Piastics Ave., Pittsfield, Mass 
Insulation Manufacturers Corp 565 W 
Washington Bivd., Chicago 6, Ill 
National Vulcanized Fibre Co., Wilming 
ton 99, Del 
Natvar Corp 207 
bridge, N. J 


306 Btack 


Fibre Co Newark 


Midland, Mich 


Grove Ave 


Randolph Ave., Wood 


FEBRUARY 1956 ELECTRICAI 


Stevens Product In “6 Main, East 
Orange, N. J 

Taylor Fibre Co., Norristown, Ps 

SILVER and SILVER ALLOYS. See alse 
Contacts & Contact Points. For Solder, 
see Krazing Alloys, Silver. 


American Silver Co., Inc., 36-02 Prince, 

Flushing 54, N. Y i 
Brainin Co., C. 8., 318 Washington, Mt 
North Chi- 


Vernon, N. Y 
Fanstee! Metallurgical Corp.. 

and Control 
Mass. 


cago, LiL 

General Plate Div., Metale 

Corp 12 Forest Attleboro 

Graphite Metallizing Corp., 1059 Nepper 
han Ave, Yonkers 3, N. ¥ 

Handy & Harman, #2 Fulton, New York 
38. N. 

Leach & Garner Co., Industrial Div., 
Attleboro, Mass 


Mallory & Co., Inc., P. R., Indianapolis 
6, Ina 


Ney Co, J. M 371 Elm, Hartford 1, 


Conn 
Wilson Co., The H. A Dept. EB. 2655 
U. 8. Route 22, Union, N. J 


SLEEVE BEARINGS. See Bearing and 
Bushings 


SLEEVING, SATURATED. See Tubing & 
Sleeving, Braided Fabric 


SLEEVING and TAPE, ASBESTOS 

Garlock Packing Co,, Palmyra, N. Y 
Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ml 
Johns-Manville, Box 60, New York 16 
N 

Raybestos-Manhattan, Inc., 
tile Div... Manheim, Ps 


Asbestos Tex 


SLIDE ASSEMBLIES 


Radio Frequency Laboratories, Inc., 
ton 9 N i 


Boon 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hobeken, N. J 


SLIP RINGS. Bee Rings, Collector 

SLOT INSULATION. See Fabric, Insulat 
ing; Mica; Paper, Insulating; Tubing & 
Sleeving, Braided Fabric 


SLOTTERS, MICA. See Commutetor Baws 
and Slotters 


SOCKET SCREW KEYS and 
WRENCHES 


Alien Manufacturing Co., 1833 
Hartford 5, Conn 

Bristol Co., Waterbury 20, 

Standard Pressed Steel Co., 
Pa. 


Sheldon, 


Conn 
Jenkintown 9 


SOCKETS and ADAPTERS, RADIO. Bee 
Plugs & Receptacies 


SOCKETS and RECEPTACLES, LAMP 

Automatic Electric Sales Corp., 1083 W 
Van Buren, Chicago 7, Tl. 

Vialight Corp., 42-60 Stewart Ave., Brook 
lyn 37, N. ¥ 

Drake Manufacturing Co., 1711 W. Hub 
bard, Chicago 22, Til 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 

Joy Manufacturing Co., Henry W. Oliver 


Bidg Pittsburgh 22, Pa. 
U. 8 Gasket Co., Camden 1, N. J 


SOCKETS, FLUORESCENT. See Fluores 
ent Lamp Auxiliaries 


SOCKETS, VACUUM TUBE 


American Phenolic Corp., 1830 8. 64 
Ave., Chicago 50, Ill 

Mycalex Corp. of America, 116 Clifton 
Bivd Clifton, N. J 

U. 8, Gasket Co., Camden 1, N. J 


SOCKET SCREWS. See Fasteners 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquid, Salts, ete.) 


Chase Brass & Copper Co., Waterbury 20, 
Conn 

Essex Wire Corp Magnet Wire Div, 
Fort Wayne 6, Ind 

General Electric Co., Chemical 
Plastics Ave., Pittsfield, Mass 

Handy & Harman, 82 Fulton, New York 
38, N 

Kester Solder Co 
Chicago 39, Tl 
London Chemical Co., Ine., 1537 
Ave Melrose Park, Ill 

National Lead Co., 111 
York 6. N. ¥ 


Div., 1 


4209 Wrightwood Ave., 
N. Slet 


Broadway, New 


SOLDERING EQUIPMENT 
(trons, Machines, ete.) 


General Electric Co 
Div Schenect ac 

Ideal Industries, 
Sycamore, Il 

Vulean Flectrie Co Danvere 2. Mass 

Zephyr Manufacturing Co Ine 201 N 
Hindry Ave I Calif 


ppocgntes Bales 


4 ° 
ho fo0e * perk Ave... 


giewood 


SOLDERLESS CONNECTORS. See Con 
nectors, Wire & Cable 


SOLDER PRE-FORMS. Also see Brazing 
Alloys, Silver 

Alpha Metals, Inc., 64 
City 4, N. J 

General Findings and Supply Ce., In- 
justrial Div., Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
ee RC 

Kester Solder Co., 
Chicago 39, Tl 


Water, Jersey 


4209 Wrightwood Ave, 


MANUFACTURING 





20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 





SPURS e HELICALS e WORM AND WORM GEARS 
STRAIGHT BEVELS e LEAD SCREWS e RATCHETS 
CLUSTER GEARS ® RACKS @ INTERNALS @ ODD SHAPES 





1035 PARMELE ST. ROCKFORD, ILLINOIS 


STEEL BLUE 


~, Popular package is = 
bein] 


8-oz. can fitted with 
making Dies and | 

soft-hair brush for ap- 

plying right at bench 
metal surface ready for & 
layout in a few minutes. & 
The dark blue background & 
makes the scribed lines 3 
show up in sharp relief, & 

prevents metal glare. In- 


BO Tay lt bey 


creases efficiency and = 


accuracy 


Write for sample = 
on company letterhead 


THE DYKEM COMPANY & 
St. Levis 6, Mo. = 


ELECTRICAL 
COMPONENTS 


ee 
COILS @ SOLENOIDS @ RELAYS 


"WOUND TO YOUR LIGHT AND MINIATURE POWER AND 
SPECIFICATIONS TYPES ae 





LRN 


“See 









Send for literature. Prompt quotations upon 
receipt of your prints and specifications. 


THE FIVE STAR CO., INC. 


PLANTS PLACE, PLANTSVILLE, CONN. 








READER INQUIRY SERVICE CAKDS, PRECEDING BACK COVER 


Bakelite cap holding & 





Yat hat se) 1) 


...in dependability 


Weston |30! line 


panel instruments 
aE) 
Cormag 
Vert Totti -Yd teh iti.) 





The 1301 line (3'”) furnishes panel instrument 
users with the added dependability, the mounting 
facility, and the new economy which CORMAG 
self-shielded construction provides. These instru- 
ments can be mounted on magnetic or nonmagnetic 
panels interchangeably, and there is no magnetic 
intereffect of instruments on one another when 
mounted in close proximity. For complete informa- 
tion, see your local WESTON representative or 
write... WESTON Electrical Instrument Corpora- 
tion, 614 Frelinghuysen Avenue, Newark 5, N. J. 


Westen CORMAG* Mechantom 
A compact, lightwe ight permanent 
magnet moving-coil mechanism, 
self-shielded from the effects of 
external magnetic fields. 


WESTON 





INSTRUMENTS 
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oe 


ELECTRICAL 


HUET 


PRECISION SERVICE . . 


from Order to Delivery! 


Your production problems may be 


simplified wher 


you consult on organization with a long record ef 


successfully 


types 
advice 


serving electncal 


of precision work. Whether 


on new applications 
own designs executed 


and they will 


receive our most 


manufacturers 


redesign, or 
send us your 
coreful 


in oll 
you ore seeking 
wish yeur 
requirements, 
attention 


Extra KNOW-HOW 


for your specific design problems 


LAMINATED AND 


PRECIOUS METAL PRODUCTS 


THIS IS 


DUCT BELL 


Here is another example, proving that Universal porce 


INLAID 
FOR ELECTRICAL 


ae) 
MANUFA 


A 


lain engineers can economically develop an insulator 


for keeping electrical circuits safe. 


If complicated designed insulators are a problem to 


you, just send your specs to Universal, Our experience 


and manufacturing facilities may be what you need. 


me UNIVERSAL 


1540 EAST FIRST STREET 


CLAY PRODUCTS CO. 


SANDUSKY, OHIO 


SOLDER, SELF-FLUXING 
For Silver Soiders, See Brazing Alloys 


Alpha Metals Inc., 64 Water, Jersey 
City 6, BG 

Kester Solder Co 
Chicago 3%, I 

National Lead Co., 
York 6, N. Y 


4209 Wrightwood Ave 


lll Broadway, New 


SOLENOIDS 


Allen-Uradiey Co 
waukee 4 Wis 

Automatic Electric Bales Corp., 
Van Buren, Chicago 7, Ill 

Automatic Switch Co., 303 Lakeside 
Orange N. J 

Cannon Electric Development Co., 
00. 3209 Humboldt, Los 
Calif 

Comar Electric Co., 
Chicago 18, I 

Cutler- Hammer 
M liwaukee 

Detroit Coil Ce 2435 

it 20, Mict 

eyer Industries, 3424 Milwaukee 


1316 8. Becond, Mil 


1033 W. 
Ave., 


Dept 
Angeles 31 


3349 W Addison 


Ine., 1264 St. Paul Ave 


Hilton Rd De 
Dor 


Ave 


ants Place, Planteville 


Fleetrie Ce apparatus § Sales 
bAlectr 
2, I 
Leach Relay Div Leach Corp 
n Bivd., Los Angeles 3, Calif 
Leland, Ine G.H 123 Webster 
Oke 
National 


W WwW 

5915 Ave 
Dayton 
Cleve 
Corp Sub. of Thor 


Washington, Joliet, Tl 
Essex Wire Corp Logane 


Acme Co., 176 E. 131aet, 
jand 68 Ohio 
Phillips Control 
Corp 59 WW 
R-B-M Div 
port Ind 
Soreng Pro 
Schiller 
Trombetta 
waukee 


jucts Corp., 9551 
Park, Ul 
Solenoid Corp 3 N 
Milwaukee 2. Wis 
West Coast Electrical Mfg. Corp 
6th P Loe Angeles, Calif 
Vestinghouse Flectric Cort 
Center, Bidg. No. 3, 401 
Pittsburgh 22 Pa 


Boreng Ave 
Mi) 
233 W 


Gateway 
Liberty Ave 


SOLVENTS, EMBEDDING COMPOUNDS 
fona Industrie I Paterson 4, N. J 


SPEED INDICATORS. See Tachometers 
SPEED REDUCERS and DRIVES 


For Metorized Unite, See Motors 


Allis-Chalmers, Milwaukee 1, Wis 
Bowmar Instrument Corp 2415 
ayivania Ave Ft Wayne Ind 
Century Electric Co., 1806 Pine, St 
3, Mo 
Cone-Drive Gears 
Cr 7171 E 
Mich 
Eaton Mfg Co., 
“ha, Wis 
Ferguson Machine & 
Gear Div P.O. Box 
Me 
General 
Div 
Reeves 


Penn 
Louls 


Div., Michigan Too! 
MeNichols Rd., Detroit 12 
Dynamatic Div., Ken 
Tool Co.. Ine 
191, 


Roller 
Louls 21 
Flectric Co Apparatus Sales 
Schenectady 5, N. Y 


Pulley Co., Columbus, Ind 


SPRINGS 


American 
Corp.., 
Onto 

Associated Bpring Corp., 

Barnes Co Wallace 
Spring Corp., Bristol 

Barnes-Gibson- Raymond 
Bpring Corp 40300 

Piymouth Mich 

Dudek & Bock Spring Mfg. Co., 
Grand Ave... Chicago 12, Ml 

Dunbar Bros. Co., Div. Associated Spring 
Corp., Bristol, Conn 

Garrett Co., Inc., George K., Philadeiphis 
a4, Pa 

Gibson Cc William D., Div. Associated 
Spring Corp., 1800 C.ybourn Ave.. Chi 
eago 14 Til 

Gibson Electric Co 
Pittsburgh 21, Pa 

Instrument Spertalties Cnr Inc 
Bergen Bivd Little 
(Rervilium, Copper) 

Lewis Spring & Mfg. Co., 
Ave., Chicago 47, TIL 

Onto Div Associated Spring Corp 
EE. Ist, Dayton, Ohlo 

Raymond Mfg Co Div 
Cor Corr Pa 


COIL and FLAT 


Steel & Wire Div. U 
Rockefeller Bidg., 


Bristol, Conn 
Div Associated 
Conn 
Div. Associated 
Plymouth Rd 


8. Steel 
Cleveland 138 


4016 W 


8349 Frankstown Ave 


244 
Falls, N. J@ 


2646 W. North 
1712 
Associated Spring 


STAINLESS STEEL. See Steel 
jal Forms & Grades 


Commer 


STAMPINGS, METAL 

Aluminum 
towoc, Whe 

Auburn Manufacturing Co., 
Middletown, Conn 

Barnes Ce Wallace Div 
Spring Cort Bristol, Ce 

Rarnes Gibeon- Raymond iv Associated 

40300 Plymouth Ra 


Goods Manufacturing Co., Man 


806 Btack 


Associated 


Spring Cort 
Plymouth, Mich 
Brass & Copper Cx 


Chase Waterbury 26 
Contr 
Dudek & Bock Spring Mfg. Co., 
Grand Ave Chicago 12. Il 
Bre Ce Div. Associated 
Bristol, Conn 
Resistor Cory k 
Erie, Pa 
eral Tool & Mfg. Ce 
Ave Minneapolis, Minn 
Preeway Washer & Stamping C« 
Rox The Cleveland 5, Otte 
Garrett Co., Ine., George K., Philadelphis 
4, Pa 


ieneral 


16 Ww 


hunbar Sprins 


ectronice Div 


3608 Alabame 


P.O 


Findings and Supply Co Ip 
strial Div Attleboro, Mass 

‘ibson Co William D Div 
“pring tort 1800 Clybourn 


Associated 
Ave Chi 


Heyman Mfg. C 
Hudson Tool & D 
ith, Newark 7, N. J 
Joliet Wrougnt Washer Ce 
Kirk and Bium Manufacturing Co., 3123 
Forrer, Cincinnati 9, Ohie 
Lewis Spring & Mfg. Co., 2646 W 
Ave Chicago 47, Il 
Maico Tool a ufacturing Co., 
W. Lake, Chi o 24, Ill 
Mohawk Mfg Middletown 
Threaded 
Oni d «lated 
Dayt 
Raymond Mfg. ¢ 
Cort Corry, Pa 
‘ r a“ » i 
ave.. New York 17, N 
Shakeproof Div Illinois Tool Works 


1501 Keeler Ave.. Chicago 39, Il 
tucts Ine 


N. J. 
i1s-122 8. 


Joliet, Il 


Norts 
402) 
Conn 


Spring (orp., 1713 
Ohio 
Div Ase tated Spring 


Sylvania Electr! Pre 1740 
Broadway, New York 19. N. ¥ 

United-Carr Fastener corp Cambridge 
42, Mass 

Wenco Mfg. Co., 1136 
Chicago 22, Ill 

Winzeler Manufacturing and Tool Co., 
Ww Arcade Place, Chicago 12, 

Wrought Washer Mfg. Co., 2200 8. Bey, 
Milwaukee 7, Wis 


West Hubberd, 


i713 


STAMPINGS. NON-METALLIC 


Auburn Manufacturing Co 306 Steck, 
Middletown, Conr 

Continental-Diamond Fibre Div of The 
Budd Co., Ir Newark 13. Del 

Federal Tool & Mfg. Co 3608 Alabame 
Ave., Minneapolis, Minn 

Richardson Co., 2799 Lake 
mM 

Stahlin Brothers F 
E. Belding, Mich 


Melrose Part 


bre Works, Inc., Dept 


STARTERS 


reacent Lamp 


FLUORESCENT 


Auxiliaries 


See Fluo 


STARTERS, MOTOR 
Motor; Push Butt 


See Controllers 


Stations 


STATOR 
i i 


INSULATING MACHINES 


STEATITE. See Ceramics 


STEEL—Commercial Forms and Grades 


Alloy A) 

Bare (B) 
Carbon Cc) 
Coated D 

Sheets and Strips (8) 
Enameling (E> 
Stuiniess (N) 
Cold Rolled Only 0) 
Tubing (T) 
Bee also Steel, Electrical) 

Allegheny Ludlum 
Oliver 

American 
Steel 
land 18 

Barnes Co 
Boring Corp 
Spring 

Chase Brass & 
20, Conn. (N) 

Columbia-Geneva Steel Div., U 
Corp. San Francisco, Calif 

Crucible Steel Co., of America, Henry W 
Oliver Bidg., Pittsburgh 30, Pa 
(ABCNB) 

Driver Co William B 
Ave Newark, N. J 
Wire) 

National Tube Div I s 
Pitteburgh, Pa 
Newport Steel Corp., 

(ADES 

Revere Copper & Brass, Inc., 230 Pars 
Ave., New York 17, N. Y¥. (T) 

Ryerson & Son, Inc., Joseph T 
Ml ABCDENST) 

Superior Steel Corp 
NS Spring) 

Tennessee Coal & 
Corp Fairfield 

U. 8. Steel Corp 
Pittsburgh 30, Pa 


Steel Corp Henry W 
Bidg Pittsburgh 22, Pa. (NS) 
Steel & Wire Div " 
Corr Rockefeller Bidg Cleve- 
Ohlo (NS 
Wallace 
Bristol, 


Div 
Conn 


Associated 
(8-CO) 


Copper Co., Waterbury 


8. Stee) 


150 Riverside 
(Stainless Steel 


Steel Corp., 


Newport, Ky. 


Chicago, 


Carnegie, Pa. (AD 


Iron Div., U. 8. Steed 
Ala 
5 William Penn PI., 


8-ACDN) (T-ACN> 


STEEL, ELECTRICAL 
Sheets and Strips. 


Allegheny Ludium Steel 
Oliver Bidg Pittsburgh 22, Pa 

Newport Steel Corp., Newport, Ky 

U. 8. Steel Corp.. 525 William Penn PL, 
Pittsburgh 30, Pa 


(Silicon) 


Corp., Henry W 


STRAIN RELIST FS 
Strain Helief 


See Gripe & Clamps, 


STRIPPERS, WIRE 
\r Engineering ¢ 
7, Wis 
Eraser ( I Kt 
Rh 4 Svre 
Hoiub Industries, in 
more, Ill 
Ideal Industries, Inc 
Sycamore, Ill 
Wenco Mfg 113¢ 
ago 22, Ill 
re Stripper ¢ » Ea \ve 


Cleveland 12, Ohio 


445 kim, Syca 


1008 Park Ave., 


West Hubbard, Chi 


East 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 


Aircraft.Marine Products I 
ton, Harrisburg, Pa 

Alpha = Electric Products Co 
Arkansas 


American 
e 


2100 Paz 


Marion, 


Chattanooga 5, 


Lava Corp., 

lectrica Pr 
side, N. J 

Engineering Co Inc 


jucts Corp., 225 
Burndy 


Conn 


Norwalk, 





Vucrveased Vusulatiou 
BETTER CONNECTIONS 


ae ed a 
TERMINAL STRIPS 


Leakage path is increased direct shorts from frayed 
terminal wires prevented by bakelite barriers placed 
between terminals. Binder screws and terminals brass 
nickel-plated. Insulation, BM 120 molded bakelite. Finest 


ea Me MC 


Jones Means Proven Quality 


IMlustrated: Screw Terminals—Screw and Solder Terminals— 
Screw Terminal above Panel with Solder Terminal below. Every 
type of connection 

Six series meet every requirement: No. 140, 5-40 screws 
No. 141, 6-32 screws; No. 142, 8-32 screws; No. 150, 10-32 
screws; No. 151, 12-32 screws; No. 152, 14-28 screws 

Catalog No. 20 lists complete line of Barrier Strips, and other 
Jones Electrical Connecting Devices. Send for your copy 


Howarp B. Jones Division 


CINCH MANUFACTURING )RPORATION 


SUBSIDIARY OF UNITED ARR FASTENER CORP 


29 YEARS OF WIRE STRIPPING 
EXPERIENCE 


Not just 29 years 
bulidin one or 

types standard wire strip- 
pers, but continuous research 
and development of many 
wire strippers to meet 
ever changing needs 
Speedcraft (illustrated) has 
widest application and su 
peer performance on most 
inds of smaller wire. 


For targer sizes inquire 
about our Air Operated 
Cable Stripper. 
@-> Consult us about your wire 
oe stripping problems. 


Write for complete information—sending wire samples—no obligation 


WIRE STRIPPER CO. 1729 EASTHAM AVE. 


E. CLEVELAND, OHIO 


Experienced sales engineer 


having substantial successful selling experi- 
ence with the ceramic, electrical insulation 
materials. This is a top-level opportunity for 
a person who has demonstrated exceptional 


ability as a sales engineer in the ceramics 
field. 


MYCALEX CORPORATION OF AMERICA 
BOX 311, CLIFTON, NEW JERSEY 
Mr. J. H. DuBois 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


POWER SUPPLIES FOR 
ELECTRONIC 
APPLICATIONS 


The extreme fidelity 
with which Acme Elec- 
tric power packs 
match operating re- 
quirements is impor- 
tant assurance of 
perfect performance. 
We invite your dis- 
cussion of your prob- 
lems with our research 
and engineering 
departments. 


ACME ELECTRIC CORPORATION 
352 WATER ST. CUBA, N. Y. 


West Coast: 1375 West Jefferson Bivd., Los Angeles, Calif 
Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. 





OR 


tor APPLIANCES 
Tae 


MOST SENSITIVE 
PATENTED CONDUCTION 
) | TYPE THERMOSTATS 


also BIMETAL 
TYPES 


Used by 
leading 
electrical 
manufacturers 
for many 
years 


GUARANTEED 


for 


18 MONTHS 


For Descriptive Literature, write: 


Ha 1a SU a Ve) oo 


10 ALBANY AVENUE 
BARTLETT, NEW HAMPSHIRE 


Application of the newest developments in ma- 
terials and methods, plus extensive research, have 
made possible the design of highest quality units. 
Freed pulse transformers feature stability and re- 
liability combined with smaller size. 


Our plastic molded or encapsulated units are de- 
‘signed to meet specification MIL-T-27A. Grade U 
units can be supplied on request. 


Our stock line has been modified to include trans- 


formers that fit specifications most commonly used 
in industry. 


write fo: 


FREED TRANSFORMER CO., INC. 


1730 Weirfield Street, Brooklyn (Ridgewood) 27, New York 


For information 





Cambridge Thermionie Cerp., 458 Concord 
Ave., Cambridge 38, Mase 

Cutler-Hammer, Inc., 1264 St. Paul Ave.. 
Milwaukee, Wis 

“= Gray Co., 210 EB. Sixth, Dayton 2, 

o 

Federal Telephone and Hadio Co., Div. of 
Internationa! Telephone and 
Cerp., 100 Kingsland Rd., Cliftens, 4 

Jones Div., Howard B., Ciach Mfg. Corp.. 
Chicago 74, Il 

Marathon Electric Mfg. Corp., Cherry & 


Randolph, Wausau, Wis 

Mycalez Corp. of America, 116 Cliftes 
Bivd., Cliften, N. J 

Soreng Products Corp., 9551 Boreng Ave 
Schiller Park. Tl 

Thomas & Betts Co., Inc., 28 Butler 
Elizabeth 1, N. J 

U. 8. Engineering Co. Inc., 521 Com 
mercial, Glendale 3, Calif 

U. 8. Gasket Co., Camden 1, N. J 


SUBASSEMBLIES, ELECTRONIC 


al Development Corp., 4060 Iuce 
j Culver City, Calif 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) (A) 
Limit (8nap-Action) (B) 
Limit (Hetary Cam & 

Gear) (Ww) 
Magnetic ic) 
Mercury (D) 
Pressure (EB) 
Thermal (F) 
Time (a) 
Transfer (H) 
Vacuum (J) 
Canepy and Fixture (Kk) 
Foot (L) 
Heater (Series Multiple) (M) 
Jack, Key and Laver (N) 
Panel (0) 
Push Button Snap 

(Toggle, Blide, Rotary) (P) 
Remote Control (R) 
Selector (Rotary Tap) (8) 
Through-Card (®8nap) (py 
Coaxial (Uv) 
Motor Speed Contre! ‘v) 


Bee also Circuit 
Stations; 
Timers 

Acro Menufacturing Ce., 
Ohio (B) 

Adame & Westlake Co., Bikhart, Ind 

AEMCO, Inc., 60 State, Mankato, Minn 
(GR) 

Automatic Electric Mfg. Ce, 60 State, 
Mankato. Minn. (GR) 

Allen-Bradiey Co., 1316 8. Second, Mil- 
waukee 4, Wis. (ACEFIPR) 

Allied Control Co.. Inc., 2 East End Ave., 
New York 21, N. Y. (CDGHR) 

Allis-Chalmers, Milwaukee 1, Wis 

Automatic Electric Sales Corp., 1088 W 
Van Buren, Chicago 7, Ul. (HLNRE) 

Automatic Switch Co., 398 Lakeside Ave., 
Orange, N. J. (CHR) 

Bristol Co., Waterbury 20, Conn. (ADEF 

Inc., 9621 


GIPRS) 
Centralab Div. of Globe-Union 
EK. Keefe Ave., Milwaukee 1, Wis. (NB) 
Clare & Co, C, P., 3101 Pratt Blvd, 
Chicago 45, Ill 
Clark Controller Co., 114 E 
Cleveland 10, Ohio (C) 
Comar Electric Co. 3349 W 
Chicago 18 Til. (N) 
Control Products Co., Ine., 
Harrison, N. J. (B) 
Cramer Co., Inc.. BR. W., 
brook, Conn (G) 
Crouse-Hinds Co., 
DPSV) 
Curtiss-Wright Corp., Carletadt, N. J. (FF) 
Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis, (EGLPW) 
Clair 


Breakers; Push 
Controllers, Motor; 


Button 
Relays 


Columbus 16 


152nd, 
Addison. 
806A Sussex, 


Box 8, Center 


Syracuse 1, N. Y 


Denison Mfg. Co KR. B 102 St 
Ave.. N.W., Cleveland 13. Ohio (B) 
Dimeo-Gray Co, 210 E. Sixth, Dayton 2, 

Ohio (G) 

Durakool, Ine Elkhart, Ind. (D) 

Eagle Signal Corp., 202 20th, Moline 1, 
Tit. (G) 

Edison, Inc., Thomas A., Instrument Div., 
Dept. 53. West Orange, N. J 

Electro Snap Switch and Mfg. Co., 4224 
W. Lake, Chicago 24, Il, (B) 

Fasco Industries, Inc., Rochester 2, N. ¥ 
Ko 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 
(NB) 

I i \ i, M 
Yr 

Furnas Electric Co 
Il. (ABCEFLO) 

G-V Controls Ine ” 
East Orange, N. J. (FQ) 

General Electric Ce, Apparatus Sales Div 
Schenectady 5. N. YY. (ABCDEFGHIJEK 
MNOPRSTUV) 

General Thermostat Corp., 
Bartlett, N. H 

{s rdia Piectri Bn OW Walr 
Chicago 12, I. (CPGHN) 

Harnischfeger Corp., Milwaukee 46, Wis 
w) 

Haydon Mfg. Co Inc., 
ringtor Conn. (GQ) 

Heinemann Electric Co., 
ton. N. J. (0) 

Joy Manufacturing Co., Henry W 
Bldg Pittsburgh 22, Pa 

Kellogg Switchboard and Supply Ce., 12 
W. Monroe, Chicago 8, Til. (8) (Cross 
bar) 

Knor 

P) 

Leach Relay Div., Leach Corp 
lon Bivd., Los Angeles 8. Calif 

Leland, inc G. H., 123 Webster, Dayten 

Obie 

McGill Manufacturing Co Ine., 150 N 
Campbell, Valparais Ind KPR) 

Mallory & Co. Inc., P. BR., Indianapolis 
6, Ind. (GNPSB) 


1024 McKee, Batavie 


Hollywood Plaze 


10 Albany Ave 


2529 Elm, Tor 
99 Plum, Treo 


Oliver 


Porcelain Co., Knoxville 1, Tena 


5015 Avs 


FEBRUARY 1956 ELECTRICAI 


Mechanical Industries Production Ce., 216 
Ash, Akron, Ohio 

Mercoid Corp., 4201 Belmont Ave., Chi 
ago 41, LL. (ABCDEF) 

Micro Switch Div., Minneapolis- Honeywell 
Regulator Co., Freeport, Ill. (BDFLS) 

National Acme Co., 176 E. 13ist, Cleve 
land &, Ohio (BP) 

\ or I r M ifacturi ( 
on 

Ohmi ’ , 3613 


Galicr 


Howard, Skokie. 

Il. (Ns 
Pre National Co., 1488 N. Kostner Ave., 
Chicago 51, Ill. (P) 

R-B-M Div., 
port, Ind 
Rhodes, Inc., M. H., Hartford, Conn. (G) 
Kobertshaw Thermostat Div., Robertshaw 
Fulton Controls Co. Youngwood, Ps 

(FM) 

Soreng Products Corp., 9551 Soreng Ave., 
Schiller Park, [ll. (ABELPS) 

Spencer Thermostat Div. of Metals & 
Controls Corp 0 Forest Attleboro 
Mass. (EF) 

Square D Co.. 4041 N. Richards, Milwav- 
kee 12. Wis. (ABCEFLOPR) 

Stackpole Carbon Co., St. Marys, Pa. (P) 

Switcheraft, Inc. 1828 N. Halstead, Chi- 
cago 22, Ill. (N) 

Ther Electric & Machine Works, 114 
8. Jefferson, Chicago 6. Ill. (8) 

Torq Engineered Products. Inc Bedford 
Ohio (V) 

Ulanet Co.. George, 41 
N.d rG 
Unimazr Div. of the W. L. Maxson mar 
460 W. 34th, New Yerk 1, N. ¥. (D) 
Ward Leonard Electrie Co 600 South 
Mount Vernon, N. YY. (CGHOB) 

Westinghouse Flectric Corp., Gateway 
Center, Bidg. No. 8, 401 Liberty Ave 
Pittsburgh 22, Pa. (ABCDEFGHLOPS) 

Zenith Electric Co.. 152 W. Walton, Chi 
eago 10. Til. (HR) 


Kesex Wire Corp., Logans- 


Market, Newark 5 


SYNCHROS. See Servomechanisms 


TACHOMETERS 


Bristol Co., Waterbury 20, Conn 

General Electric Ce, Apparatus Sales Div 
Schenectady 5. N. Y¥ 

Ideal Industries, Inc., 1008 
Sycamore, Tl! 

Marx Co., Clarence J 
EM, Cleveland 23, Ohio 

Reliance Electric & Engineering Co., 108 
Ivanhoe Kd, Cleveland 10, Ohie 

Sticht Co., Inc., Herman H., 27 Park Pl 
New York 7. N. ¥ 

Veeder-Root, Inc., Conn 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave. Newark 5. N. J 


Park Ave... 
Bor 4033, Dept 


Hartford 2 


TAGS, TERMINAL 


National Band & Tag Co. Dept. 9-52 
Newport, Ky 

Natvar Corp 207 Randolph Ave... Weed 
bridge, N. J 


TANTALUM 

Fansteel Metallurgical Corp., N 
Mh 

Mallory & Co., Inc., P. B 
Ina 


Chicago, 
. Indianapolis @ 


TAPE, ADHESVE and COIL 
FASTENING 


Armstrong Cork Co., 
caster, Pa 

Dennison Manufacturing Co., 300 Howard, 
Framingham, Mass 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Tl 

Johns-Manville Corp., Dutch Brand Ditv., 
7800 Woodlawn Ave.. Chicago 19, Tl 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave * 
Paul 6, Minn 

Permacel Tape 
N. J 

Polyken Products Dept 
Co 309 )—COWW 
6. ml 

Seamless Rubber Co 


7012 Ingersol, Lap 


Corp., New Brunswick, 
of The Kendal! 
Jackson Blvd Chicago 


New Haven 3, Conn 


TAPE, FRICTION and SPLICE 


Insulation Manufacturers Corp 565 W 
Wasfington Blvd Chicago 6, Tl 
Irvington Div Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J 
Johne-Manville Box 69, 
N. ¥ 
Johns-Manville Corp., 
TROO Woodlawn Ave 
Minnesota 


New York 16, 


Dutch Brand Div 
Chicago 19, Til 

Mining & Mfg. Co Flec 
trical Products Div 900 )«=6Fauquier 
Ave.. St. Paul 6, Minn 

Mitchell-Rand Insulation Co., 51 Murray, 
New York 7, N. ¥ 

Polyken Products Dept 
Co 309 W 
6, ™ 

Seamless Rubber Co 

tr - Rubber Co 
New York 20, N. ¥ 


of The Kendal) 
Jackson Blvd Chicago 


New Tiaven 3 
Rockefeller 


Conn 
Center 


TAPE, INSULATING. Bee Fabrics, In- 
sulating Sleeving & Tape, Asbestos; 
Tape, Friction & Splice; Tape & Sheet 
ing, Synthetic Resin 


TAPE, MAGNETIC RECORDING 
See Magnetic Recorder Components 


TAPE, MICA. See Mice 
TAPE and 
RESIN 


Continental - Diamond 
18. Del 

du Pont de Nemours & Co. (Inc.) EB L, 
Plastics Dept... Wilmington 98. Del 

General Flectric Co., Chemical & Metal 
lurgical Div Pittsfield, Mase 

Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chieago 6, Ml 


SHEETING SYNTHETIC 


Fibre Co, Newark 


MANUFACTURING 





Available from stock 


gp yo lt Jl -NEMA Type 12 
wae PANEL ENCLOSURES 


External All welded 
mounting f enclosure. Seals 
feet out oil, water, 
dust 


External 
Heavy gavge cover 
continuous clamp 
hinge 


4 Padlock 
hosp 
Biveprint 


holder , : Boked 
WJ 3 enomel interior 


(white) 


Neoprene : Removable 
gosket ' mounting 
; Cy panel 


> These panel enclosures are strong, rigid, cleanly 
J aed, and comply fully with J.1.C. and NEMA 
specifications. No knockouts, no holes to 
alae oil, water, dust. We have stock sizes at 
low cost for fast delivery. Or, we can make any 

size you want. We also make J.1.C. Wiring 

Boxes, Troughs, Push Button Stations and Rain 

proof Power Outlets. Can we help you? 


STAN ye RD STOCK SIZES 


‘ « 20" 
‘ane 
o” 24” 


A, ENGINEERING 
CORPORATION 


Dept. EM-34, Anoka, Minnesota 


Eliminate costly Flow Failures 


with SOLENOID VALVES 


Attain dependable, accurate, automatic or 
remote control of liquids or gases with 
MAGNATROL VALVES. 

Every MAGNATROL VALVE is factory 
tested — guaranteed free from defects 
in material and workmanship 


Catalog mailed upon request. U th? i F Oo R Mi 1 v Y 


UNIFORMITY of Essex Extra-Test Magnet Wire 


assures Maxitnum turns in available Space 


m Valve Corporation 


67 5th Ave., Hawthorne 4, N.J. freedom from broken wires, crossed turns 


pile-ups, runbacks, spaced turns, and frequent 


adjustments. For superior performance in 


st exacting appliance specify Esse» 


ay Lee  Bxtra-Test means EXTRA VALUI 


EXTRA JE esr 
S? ESSEX, MAGNET WIRE 


« DIVISION ESSEX WIRE CORPORATION 


"A r . i Fort Wayne 6, Indiana 
- Mi me - Ome Tu 


Q-MAX is easy to MANUFACTURING PLANTS — Birminghom, Alabama; Anaheim 


LOW. LOSS te ; She, 4 rae quicicly California; Fort Wayne, Indiona; Detroit, Michigan 


practically SALES OFFICES AND WAREHOUSES” 


be eC mL ‘Atlanta, Ga Bir Worth, Texas; Hart ark, NJ *Portland 
Ned ‘ Ate temperature mingham, Ala.; *Bos ford, Conn.; Houston, Ore.; Rochester, N.Y 


, 
range. Write t for ton, Mass.; *Chicago, Texas; Indianapolis *Saint Louis, Missouri 


detailed engineering ill,; Cleveland, Ohio; ind.; Kansas City, Mo "San Francisco, Calif 
pa literature Dallas, Texas; Dayton, *Los Angeles, Calif Upper Darby (Philade! 
Ohio; Detroit, Mich Memphis, Tenn Mil phia), Pennsylvania 


Fort Wayne, Ind.; Fort waukee, Wise; “New Seattle, Washington 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





SPECIAL TRANSFORMERS 
BY LINDBERG 


Lindberg designs and manu- 
factures all types of special 
transiormers to fit your pro- 
duction requirements 

Just let us know your 


transformer and 


problems 
we will gladly provide the 
right Write for 


Bulletin 1115. 


TRANSFORMER DIVISION 


LINDBERG ENGINEERING COMPANY 
2488 West Hubbard Street, Chicago 12, Illinois 


answer 


CONSISTENT 
LOCK NUT 


If a lock nut 
doesn't deliver 
reliability, 
why not use 

a plain nut? 


You can now get a lock nut which, by 
actual test, delivers the highest fidelity 
of oo ever known—because one of 
the oldest, most experienced manufac- 
turers has developed the technique and 
most modern facilities to produce, not 
just a locking device, but a mass pro- 
duced, low cost, yet truly consistent 
lock nut —the M-F Uni-Torque! 
Be sure your design—your prod- 
uct—your USERS get this lock 

nut—the M-F Uni-Torque! 

FREE: Catalog of M-F Lock Nut 


Lee) Deke) 

NO FIBRE 
eee this 
NO 

EXCESS COST! 


Mac Lean-Fogg 
Lock Nut Company 


5535 NORTH WOLCOTT AVENUE + 
OLDER IN 


NGER IN 


CHICAGO 40, ILLINOIS 
EXPERIENCE NONE 


FACILITIES AND DESIGN" 


|e ae 
men | 


irvington Dir 
Manufacturing Co., 
Irvington 11, N. J 

Natvar Corp., 207 Randolph Ave., 
oridge, N. J 

New Jersey Wood Finishing Co., 
Insulation Dept., Woodbridge, N. J 

iolyken i’roducts Dept. of The Kendall 
Co., 809 W. Jackson Bivd., Chicago 6, 
iu 

iaybestos-Manhattan Inc., 
tlle Div., Manheim, Pa 

Resin Industries Inc 
Calif 

seamless Rubber Co, New Haven 3 

Shamban Engineering Co., 11617 W 
erson Bivd., Culver City, Calif. 

U. 8. Gasket Co., Camden 1, N. J 


Minnesota Mining & 


9 argyle Terrace, 
Wood 


Electrical 


Asbestos Tex 
Barbare 


Conn. 
Jeff 


Sante 


TAPES, MEASURING 
Keuffel & Keser Co., Hoboken, N. J 


TELEPHONES 


Crouse-Hinds Co., Syracuse 1, N. Y 

Kellogg Switchboard and Supply Co., 78 
W. Monroe, Chicago 8, IIL. 

National Pneumatic Co., Inc., 
Cabot Divs., 125 Amory, 
Mase 


and Holtzer 
Boston 19, 


TEMPERATURE CONTROLS. See Con 
trols. Pressure & Temperature; Helay; 
Mwitches; Thermometers; Thermostats 

TERMINAL BLOCKS. See Strips 

TERMINALS. Bee Luge and Terminals 


TESTING CHAMBERS 
Test 


Bee Chambers 


TESTING 


mente 


INSTRUMENTS. Bee 
Also Tools, Portable 


instru 


THERMAL SWITCHES. Bee Switches 
THERMISTORS 


Carborundum Co., 
Fails, N. ¥ 


Globar Div., Nisgere 


THERMOCOUPLES 


Assembly Products, Inc., 
Ohio 

Bristol Co., Waterbury 20, Conn 

General Electrio Ca, Apparatus Sales Div., 
Schenectady 5, N. ¥ 

Rockbestos Products Corp., 
Conn 

Thermo Electric Co., 
River Township 
Office, N. J 

Westinghouse Electric Pe 

Center, Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark 5, N. J 

Wheelco Instruments Div., Barber-Colman 
Co,, 1408 Rock, Rockford, Nl. 


Chesterland 14, 


New Haven 4, 


Baddie 
Post 


109 Fifth, 
Rochelle Park 


Gateway 


THERMOMETERS 


Assembly Products, Ine 
Ohio 

Bristol Co., 

Edison, Inc., Thomas A 
Dept. 58, West Orange 

TAGIiabue Instruments Div., 
trical Instrument Corp 
huyeen Ave., Newark 5, N 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave.. Newark 5. N. J 

Wheelco Instrume:ts Div Barber-Colman 
Co., 1408 Rock, Rockford, Ill 


Chesterland 14 
Waterbury 20, Conn 
Instrument Div 
N. J 
Weston Elec 
a Freling 


THERMOPLASTIC WIRE 
Cable, Insulated 


Bee Wire & 


THERMOSTATIC BIMETALS 


American Silver ©o., Inc., 36-02 Prince 
Flushing 54_.N. Y 
Brainin Co, C. 8 
Vernon, N. Y 
Bristol Co 153 
20, Conn 
Chace Co W 
troit 9, Mich 
General Pilate Div 
Cort 41 Fore 


318 Washington, Mt 


Bristol Rd, Waterbury 


M., 1608 Beard Ave., De- 
Metals 

Attleboro, Mase 

Wilson Co., The H. A Dept. E 
U. 8. Route 22, Union, N. J 


THERMOSTATS 


Acro Manufacturing Co., 
Oho 
American 
N. ¥ 


and Controls 


2658 


Columbus 16 


Thermostat Corp., South Cairo 
Barber-Colman Co 


Dept. A, 1408 Rock, 
Rockford, Tl 


Bristol Co., Waterbury 20, Conn 

Curtiss-Wright Corp., Carlstadt, N. 3 

Dales Co., Franklin 180-184 KE. Mill 
Akron, Ohio 

Edison, Ine., Thomas &., Instrument Div., 
Dept. 58, West Orange, N. J 

Fenwal, Inc., 112 Pleasant. Ashland, Mass 

G-V Controls, Inc., 8 Hollywood Plaza 
Mast Orange. N. J 

General Control cr 801 Allen 
Gler 1, Calif 

Genera trio Ca., Apparatus Sales Div 
Schenectady 5. N. Y 

General Thermostat Corp., 10 Albany Ave 
Bartlett. N. H 

Mechanical Industries Production Co., 216 
Ash, Akron, Ohio 

Chi 


Mercoid Corp., 4201 
cago 41, Ill 

Robertshaw Thermostat Div., Robertshaw. 
Fulton Controls Co., Youngwood, Pa 

Spencer Thermostat Div., Metals & Con 
trols Corp., 112 Forest, Attleboro, Mass 

Stevens Mfg. Co., Inc Mansfield, Ohio 

Still-Man Co., 429-38 E. 164th. New Yors 
56. N.Y 

Therm-O-Disc, Inc., 127 
field. Ohio 

Torq Engineered 
Mito 


Ave 


Belmont Ave., 


Mans 
Bedford 


Crouse, 
Products, Inc., 


i Market, Newark 


FEBRI 


ARY 


Westinghouse Electric Corp., 180 Mercer 
St.. Meadville, Pa. 

Wheelco Instruments Div., Barber-Colmes 
(e., 1403 Rock. Roekford, 1 
Wiegand Ceé E4win L oe F 

Bivd., Pittsburgh 8, Pa 


mas 


TIMERS, MOTOR 


Allen-Bradley Co., 
waukee 4, Wis 
AEMCO, Inc., 60 State, Mankato, Minn. 
Bristol Co., Waterbury 20, Conn 
Cramer Co., Inc., K. W., Box 8, 
brook, Conn. 

Dimeo-Gray Uo., 210 E. Sixth, Dayton 3, 
Ohio 

Bagi Signal Corp., 202 20th, Moline 1, 


1316 8. Becond, Mi) 


Center: 


Genera! Electric Co., Appamtus Sales Div. 
Schenectady 5, N. Y. 
Hansen Mfg. Co., Inc., Princeton 3, Ind 
Haydon Co., A )., 284 N. Elm. Water 
bury 20, Conn 
Haydon Mig Co., 
rington, Conn 
Industrial Timer Corp., 131 
ark 4, N. 4 
Mercoid Corp., 
cago 41, Ill 
Soreng Products Corp., 
Schiller Park, Ill 
Square D Co., 4041 N. 
kee 12, Wis 

Ward Leonard Electric Co., South, 
Mount Vernon, N. Y 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

Zenith Electric Co., 
cago 10, Ih 


Inc., 2529 Elm, Tor- 
New- 
Belmont Ave., Chi- 


9551 Soreng Ave., 


Ogden, 
4201 


Richards, 
600 


152 W. Walton, Cm 


TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Ordnance Div., 
Elgin, DL 


TIME SWITCHES. See Switches 


TOOLS, PORTABLE 


Barber-Colman Co., Dept. A, 1403 Rock, 
Rockford, Ill. (Hardness Testing 

Ryerson & Son, Inc., Joseph T., icage, 
IL. 

Scruggs Co., Loyd, 1022-32 N. Sixth, ®t. 
Louls 1, Mo 

Syntron Co., Homer City, Pa. 

nas & Betts Co., Inc., 28 Butler, 

Elizabeth 1, N. J. (Terminal Tools) 

United States Steel Supply Div., United 
States Steel Corp., 208 8. La Salle, 
Chicago 4, Il 


TRACING CLOTH, FILM and PAPER 


Bruning Co., Inc., Charlies, 4700 Montrose 
Ave., Chicago 41, Il 

Keuffel & Esser Co., Hoboken, N. J 

Oxalid, A Div. of General Aniline & File 
Corp., 380 Ozaway, Johnson City, N. ¥ 


TRANSFER SWITCHES. See Switches 


TRANSFORMER HOUSINGS. Bee Cabi- 
nets, Sheet Metal 


TRANSFORMERS, ELECTRONIC 

Acme Electric Corp., Cuba, N. Y 

Caledonia Electronics & Transformer Corp., 
Dept. EM-2, Caledonia, N. Y 

Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Ill 

Comar Electric Co,, 3349 W. Addison, 


Chicago 18, Il 
Dano Electric Co., 98 Main, 
1901 


Conn 
Electran Mfg. Co., 
Chicago 14, IL. 
Federal Telephone and Radio Co., Div. of 
Internationa! Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 
Freed Transformer Co., Inc., 1736 Weir- 
field, Brooklyn (Ridgewood) 27, N. ¥ 
General Transformer Co., 18240 Harwood 
Ave., Homewood, Ill. 
Keystone Products Co., 904-6 23rd, Union 
City, N. J 
Microtran Co., 84-11 Rockaway Blvd, 
Far Rockaway, N. Y 
111 Albe- 
Har- 


Winsted, 
Clybourn Ave., 


Nothelfer Winding Laboratories, 
marie Ave., Trenton 8 N. J 
Radio Corp. of America, Tube Div., 
rison, N, J 
Bola Electric Co., 4633 W. 
50, Ill 
Telex, Inc., Telex Park, St. Paul 1, Minn 
United Ttransformer Co., 150 Varick, New 
York 13, N. ¥ 


TRANSFORMERS, FLUORESCENT 
BALLAST. See Fluorescent Lamp Aux 
iliaries 


16th, Chicage 


TRANSFORMERS, 
CURRENT 


Acme Electric Corp., Cuba, N. ¥ 
Allis-Chalmers, Milwaukee 1, Wis 
Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Ii 
Comar Electric 3349 W. Addison, 


Chicago 18, Il 
Dano Electric Co., 98 Main, Winsted. 


Conn 

Electran Mfg. Co., 
Chicago 14, Til 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Freed Transformer Co., Inc., 1736 Weir- 
field, Brooklyn (Ridgewood) 27, N. Y. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

General Transformer Co., 
Ave., Homewood, Dl 

Keystone Products Co., 
City, N. J 

Bola Electric Co., 
50, IL 

Westinghouse Electric Cnr. Gateway 
Center, ee No. 8, 401 berty Ave., 
Pittsburgh 22, Pa 

Weston Electrical Instrument - 614 
Frelinghuysen Ave.. Newark 5, N. J 


INSTRUMENT 


Co., 


1901 Clybourn Ave 


18240 
904-6 23rd, 
4633 W 


Harwooa 
Union 


16th, Chicago 
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You Get The Picture... 


Poverccre © 


A 


al 
Wea 
I< i GT 


Son 


| 


SCREWS - BOLTS - NUTS - RIVETS 
TUBULAR RIVETS - WASHERS 
IN ALL METALS 


adda 


IMMEDIATE DELIVERY. CATALOG ON REQUEST. Li PHALO TSC) a4 . 4 


a Tas 
KEYSTONE \ \te// BOLI & NUT CORP | : 


127 CHURCH ST. NEW YORK 7, N.Y. Mo tte 


md 


Toroidal Coil | ...0/ Pull: s ala Cod Assemblies / 
Winders 


Whether it’s the new Phalo female type plug 
are used fo wind uniform 
single or multiple layer 
windings evenly, accurale- Phalo’s fine custom-made plugs, you'll find a clear 
ly and expediently on to picture of better power performance. 
closed cores for the manu- 
facture of Toroids Fitting the plug and the cord set assembly 


Write for Literature to the power problem is a job Phalo does superbly 


for projectors, business machines, etc., or any of 


as many of the country’s leading appliance people 


REX RHEOSTAT CO” 


Ce ee ae ee will testify 


Don’t let yourself in for plug slow-downs or 


ELECTRICAL ENGINEER break-downs, select the Custom Cord Set House 


(SENIOR) to give you the right answer the very first time! 


Experienced in design and development of fractional horse 

power AC motors and AC rotating servo components, plus iH Ask For The Complete Phalo Catalog 

knowledge of servo circuits and servo amplifiers. Assume | 

heavy responsibility for development and application engi i 

neering of small rotating components for military applications I by ‘e DUA LO 

Good opportunity for advancement, liberal employee benefits | Me 4 

attractive salary. Long Island location. Send complete resume i} P| y oN 7 PLASTICS CORPORATION 


The Custom 6 bord Sel House me 
BOX 102 


: t t 4 
ELECTRICAL MANUFACTURING 4 ; > Commercial & Foster Stree 
_1250 Sixth Avenue, New York 20, N.Y jb eS, WORCESTER, MASS 


insulated Wires, Cables ~- Cord Set Assemblies 


KEADER INQUIRY SERVICE CAKUS, PRECEDING BACK COVER 67 
rf 





MINIATURIZING? 
‘Don't gamble! Use 
these field-tested and 
proven MIL-T-27 type 
PPrtr Le 


eis) ampling expense 


wasted time 

Sr Le ign of produc 
tion equipment 

SI a Mime lied: mee tT 
ee lta 


equipment Te Atk 


Pee TAES Els] amplifiers high 


PU eee eel Tila telat elite | 


many, many other use 


IMMEDIATE DELIVERY at 


ATR y TY key Industrial Distributors! 
84-11 Bivd., Rockaway Beach, N. Y. 








«ae 


STILL-MAN 


ELECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP PERFORMERS 
* TOP QUALITY 
*%& TOP WORKMANSHIP 


at LOW COST TO YOU! 


e_——_ 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design 

Millions are now in use as standard equipment in 


America’s leading nationally advertised electrical 
appliances 


Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters for 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
youl 


THE STILL-MAN COMPANY 


129 East 164th Street, New York 56. N_ Y 


TRANSFORMERS, POWER CIRCUIT 


acme Kiewtric Corp., Cuba, N. ¥ 

Sills Chalmers, Milwaukee 1, Wis 

(Aicage Biandard Traasiormer Corp Ad 
Guen & Kiswo Ave, Luscage is, ili 

Comer Biectrie Us., sb4u W Addison 
Ltucage is, li 

Cutler- Hammer, Ine., 
sitiweunce 1, Wis 

vem Kiectie (4 os Main, Winsted 
uk 

Mormeyer Industries, 4424 Milwaukee Ave 
Umcago 4, ili 

Klectran Mig. Co., iv0l Clybourn Ave 
cnscago 14, Lib 

Wreed Iransiormer Co., ia 1736 Weir 
ueid, Mroekiyn (Hidggewouu; 24], N 

Controls { bul A » Ate 


1264 St. Paul Ave 


teneta 
u niale i i if 

Ueneras Biectrio Ue, Apparatus Dales Liv 
scnenectady 6, N. Y¥ 

General Transformer «o., 168240 Harwoou 
Ave., Homewood, Lil 

Hevi Duty Eiectric Uo 
Wisconsin. 

Keystone vroducts Ov., 
cy, N. J 

Lindberg Engineering Co.. 2450 W. Hub 
bard, Chicage %, iil 

Nothelfer Winding Laboratories, 111 Aibe 
marie Ave., Trenton &, N 

Hadie Corp. of America, ‘Tube Div., Har 
rison, N. J 

Sola Electric Co., 4683 W. ifth, Chicago 
ou, ih 

Standard Transformer Co., Warren, Ohio 

ther Electric & Machine Works, i1A 
8. Jefferson, Cnicage 6, DL. 

United Transformer vo., ibv Varick, New 
York 18, N. ¥ 

Wagner Klectric Corp., 6454 Piymouth 
Ave., &. Louls 14, Mo 

Westinghouse Blectric Corp Gateway 
Oenter, Bidg. No. &, 401 Liberty Ave 
Vittsburgh £2, Pa 


Milwaukee 1 


004-6 26rd, Union 


TRANSFORMERS, VARIABLE 
VOLTAGE 


Acme Electric Corp., Cuba, N. ¥ 

Comar Electric Co., 88489 W 
Chicago 18, IL 

Electran Mfg. Co., 10901 Clybourn Ave 
Chicago 14, Il 

Freed Transformer Co., Inc., 17386 Weir 
feild, Brooklyn (Ridgewood) 4/7, N. Y 

nee Duty Electric Co., Milwaukee 1 
jie. 

Lindberg Engineering Co., 2450 W. Hub 
bard, Chicago 2, lil 

Radio Corp. of America, Tube Div., Har 
rison, N. JZ 


Addisve 


TRANSISTORS aad CRYSTAL DIODES 


Wederal Telephone and Radio Co., Div. of 
International Telephone and Setagreph 
Corp., 100 Kingsland Rd, Clifton, N. J 

General Electric Co., Electronics Div., 
Blectronics Park, Syracuse 1, N. Y 

International Hectifier Corp., 1521 E 
Grand Ave., El Begundo, Calif 

Radio Corp. of America, Tube Dept 
Harrison, N. J 

Transitron Electronic Corp., Melrose 176 
Mase 

Westinghouse Electric Corp Gateway 
Center, Bidg. No. 8, 401 Liberty Ave 
Pittsburgh 22, Pa 


TUBE PARTS (Electronic), Bee Elec 
tronic Tube Components 


TUBES, CATHODE RAY 


Du Mont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J 

General Electric Co., Apparatus Sales Div 
Bchenectady 5, N. Y 

Radio Corp. of America, Tube Div., Har 
rison, N. J 

Waterman Products Co., Ine., 
Emerald, Philedeiphis 25, Pa 


2445-68 


TUBES, ELECTRON (industrial) 


Amperite Co., Inc., 561 Broadway, New 
York 12, N. ¥ 

Du Mont Laboratories, Inc., 
Bloomfield Ave., 

Electrons, Inc., 
7,N. 4 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Bales Div., 
Schenectady 5, N. Y 

Radio Corp. of America, Tube Div., Har 
rison, N. J 

Victoreen Instrument Co., 3800 Perkins 
Ave., Cleveland 14, Ohie 

W estinghouse Electric Corp Gateway 
Center Bldg No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


Allen B., 760 
Clifton, N. J 
127 Sussex Ave., Newark 


TUBES, METALLIZED 
Glass, Technical 


GLASS Ree 


TUBES, PHOTOELECTRIC. Hee Photo 
electric Celle & Tubes 

TUBES, THERMOCOUPLE 

Bristol Co Waterbury 20, Cenn 


TUBING, ALUMINUM 
See Aluminum 


TUBING, BRASS, BRONZE and COF 
PER. See Brass. Bronze & Copper 


TUBING, FIBRE. Bee Fibre 


TUBING, LAMINATED METAL 
See Laminated Metals Precious & 
Hase 


UBING, MICA. Bee Mice 


TUBING, NICKEL and NICKEL ALLOY 


Chase Brass & Copper Ce.. Waterbury 26 
American Brass Co.. Waterbury 20, Conn 
Conn 


ieweral Pilate Dir Metals a Controle 
a 42 Fore Aitiebor ase 

International Nickel Co. im 67 Wali 
New York 5, N. ¥ 

Leach & Garner Oo., Industrial Div., At 
tleboro, Mass 

Revere Copper & Brass, Inc., 2380 Pars 
Ave.. New York 17. N.Y 


TUBING, PAPER 


Cleveland Container Ce 620, Barberwe 
Ave., Cleveland 2, Ohie 

Continental-Diamond Fibre Div. of The 
Buda Co., Inc., Newark 18, Del 

Niemand Bros., Inc., 37-06 35th Ave. 
Long Isiand City 1, N. Y 

Paramount Paper Tube Corp., 612 Lafay 
eue, Ft. Wayne Z, Ind 

Precision Paper Tube Co, 2035 W 
Charleston, Chicago 47, 1 

Stevens Products Ir 1) 
Orange. N. J 


Ma Fast 


TUBING, SILVER, Bee Silver & Bhiver 
Alloys 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Giass-Fibre treates 
with lacquer, varnish or synthetic resin.) 


Bentley, Harris Mfg. Co., 1202 Barclay, 
Vomnohocsen, Va 

Continentai-Viamonad Fibre Div. of The 
Budd Co., Inc., Newark 18, Del 

Insulation Manufacturers Corp., 565 
Washington Blyd., Chicago 6, Ill 

Irvington Div., Minnesota Mining & Man 
ufacturing Co., ¥ Argyle Terrace, Irving 
ton 11, N 

Natvar Corp., 207 Randolph Ave., Wood 
vuridge, N. J 

Owens-Corning Fiberglas Cerp., 598 Mad 
ison Ave., New York 22, N 

Resin industries, Inc., Sante Barbara, 
Calif 

Varuex Corp., 300 N. Jay, Rome, N. Y 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave.. 
Vittsburgb 22, Pa 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 


General Electric Co Chemical Div, 1 
Viastics Ave., Pittsfield, Mass 
Insulation Manufacturere Cerp., 565 W 
Washington Bivd., Chiecage 6, Ill 

Irvington Div., Minnesota Mining & Man 
ufacturing Co., @ Argyle Terrace, Irving 
ton ll, N. J 

National Vulcanized Fibre Ce, Wilming 
wn 99, Del 

Natvar Corp., 207 Randolph Ave.. Wood 
bridge, N. J 

New Jersey Wood Finishing Co., Electricai 
Insulation Dept., Woodbridge, N. J 
Phalo Plastic Corp., Commercial & 
Foster, Worcester 8, Mass. 

Polymer Corp. of Penna., 2120 Fairmont 
Ave., Reading, Pa 

Ragin, Sneeretes. Inc., Sante Barbara 
Call 

Hogan Brothers, 8027 N. Monticello Ave 
Skokie, Ill 

U. 8S. Gasket Co., Camden 1, N. J 
Varfiex Corp., 3009 N. Jay, Rome, N. Y¥ 


TUBING, STEEL. See Bteel. Commereia! 
Yorms & Grades 


TUNGSTEN. Bee also Contacts 


Fansteel Metallurgical Cerp., North Chi 
cago, Il 
Maliory & Co.. Ine P. B.. 
6, Ind 


Indianapolis 


UNDERCUTTERS, 
Undercutters 


MICA Bee Mice 


VACUUM TUBES. See Tubes 
Ray; Tubes, Electron 


Cathode 


VALVES. MOTORIZED o SOLENOID 
OPERATED 


Automatic Bwitch Co., 8393 Lakeside Ave 
Orange, N. J 
lbarber-Colman Co., Dept. A, 
Rockford, Ill 

Bristol Co., Waterbury 20, Conn 

General Controls Co., 801 Aller Ave 
Glendale 1, Calif 

General Electric Co., Apparatus Seles 
Div., Schenectady 5, N. Y 

Magnatrol Valve Corp., Hawthorne 4, N. J 

Mercoid Corp., 4201 Belmont Ave., Chi 
cago 41, Ill 

Modernair Corp., Boom 8D, 408 Predsa 
San Leandro, Calif 

Soreng Producta Corp., 9551 Boreng Ave., 
Behiller Park, Ill 

Valvair Corp Affiliate Sinclair-Collins 
Vaive Co. 454 Morga Akron 11, Ohio 

Westinghouse Electric Corp., Geteway 
Center, Bldg. No. 8, 401 Libeaty ave 
Pittsburgh 22, Pa 


1403 Rock 


VALVES. THERMOSTAT OPERATED 


Dole Valve Co The, 1901 W. Carroll 
Ave, Chicago 12, Tl 


VARNISHED 
Insulating 


FABRICS. Bee Fabrice 


VARNISHES. COMPOUNDS and 
RESINS, INSULATING 


Acme Wire Co., 1255 Dizwell Ave.. Nee 
Haven 14 Conn 
Bakelite Co A Div. o@f Union Car 
bide & Carbon Corp., 800 Madison 
Ave, New York 17, N. Y¥ 
Borthig Co Inc George ©., Box 115 
Kast Rutherford 6 N. J 
Celanese Corp. of America, 200 Ferry 
Newark 5. N. J 
Dow Corning Corp 
Silicone 
ju Pont de Nemours & Co., (Inc.), B. 1 
Finishes Dept., Wilmin $8, Dei 
Dures Plastics Div., coker = Electro 
i 1302 Waick Road, Nort! 


Midland Mich 


emical Co 
Tonawanda, N. Y¥ 
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Garfield Cold Molded Phenolic |[ 2G] lf 
selected by MURRAY MANUFACTURING CORPORATION 


rimNEW SHALLOW TROUGH 


Tegit insulator blocks provide the high arc 
and excellent moisture resistance so neces- 
sary to the reliability of this new product. 
Along with its high impact and tensile 
strength and many other fine characteris- 
tics it carns top rating in better types of 
equipment. 


Garfield is proud to have helped in the de- 
velopment of this excellent Murray product. 
The Garficld mark on a molded part is 
your assurance of quality. 


Write for Illustrated Bulletin 20 


GARFIELD MANUFACTURING 
COMPANY 
20 RIVER ROAD, GARFIELD, N. J. 


HEAT CONTROL — LIGHT CONTROL 
SoM ne | molded 


close adjustment (AC or DC) 


Black Nylo" 
STM TISISTTN ieposoelh 
for APPLIANCES and nuts 


. / 4 eC Molter 
Ny att without bushings, 
TC | Ninn 


SURG GRCU LURES Cte | ere 


7076 Glenwood Ave., Chicago 26, Ill, 


RAJAH SPRING SNAP : Black Nylon 
SOLDERLESS TERMINALS | “NyGrip” 


Merely push the terminal on the base si cable 

stud, and it snaps into place making i ih 

a positive electrical connection. To ci clips 

remove just pull it off; no screws to it Light-weight non 

bother with, no springs to bruise fin- sts conducting support 

gers oe for wiring, tubing, et 
oote In Stock Vs to 

Write for descriptive folder bs ee 


THE RAJAH COMPANY - 
35 VERONA AVE., NEWARK, WN. J Free samples « write WECKESSER CO. 


5256 N, Avondale Ave, 9 Chicogo 99, Ill, 


READER INQUIKY SERVICE CARDS, PRECEDING BACK COVER 


569 





Co., Chemice! Dir Varnished Fabric (Cc) 
ITIVE I ‘ Mass. Thermoplastic (T) 


56 CW Coarial Cable (x) 


‘ Washington Bivd., Chicago 6, Ill, , 
REL AYS Irvington Div. Minneseta Mining & Mes. “"0rican Cheneile Corp, 1880 8. 040 
' ' eeeeeeng 9 Argyle Terrace, Irving American Steel & Wire Div.. U. 8. Steel 
that / ' Mice Insulator Co., Schenectady 1. N. ¥. Grip” Meckeeller Bidg.. Cleveland 18 


Minnesota Mining & Mfg. Co., Electrical , . 
Products Div.. 90@ Fauquier Ave, @t Anaconda Wire and Cable Co., 25 Brosd 


; | Peul 6 Mins way, New York 4. N. Y. (ABCTX) 
R-E-.§.].§.T Oronite Chemical Ce. $8 Bansome, San te hh aes 
’ rancisco 4, i . 
Westinghouse’ Bleetrie , Gateway Cagse Brows & ‘opper Co., Waterbury 20 
Sieecem te — 3, 401 berty Ave. Continental Wire Corp., Wallingford 
Zophar Mills, Ine., 112-180 26th, Brooklyn ,,©0nn JATX) =o eh New 
= & % York 7, N.Y. (BT) 
VARNISHES, FINIGHING. Bee Lacquers, Crescent Co., Carol Cable Div., Pawtucket 
Enamels & Varnishes RI : 
| VARNISHES, INSULATING. See Var- mes We a tna Yt pat Wire Div 
nishes, Compounds & Resins Federal Telephone and Radio Co, Div. of 
Internationa! Telephone and Telegraph 
| V-BELTS. See Drives, Belt TE) 100 Kingsland Rd., Clifton, N. J 
VIBRATION TEST MACHINES Genera! Cable Corp., 420 Lexington Ave 
General El { Cc New York 17, N. ¥ 
— acne 5 Nw qponin Bele General Electric Co.. Construction Mate 
Wolken” Thectri Cc G rials Div., Bridgeport 2, Conn. (ABCX) 
’ are atewsy Hitemp Wires, Inc., 26 Windsor Ave 
Center, Bidg. No. 8, 401 Liberty Ave Mineola, N.Y. (T) 


NO BIGGER THAN A ana 22, Pe o— 1826 Fremont, South Pasadena, 


New Producta Ce P.O. Box 66101, Los 
Aerover Coro. New Bedford. Mass Angeles 66 Calif (BT) 


American Television & Radio Co., St. phalo Plastics Corp., Commercial & Fos 
BOOK OF MATCHES | ,,’! |. Mine ter, Worcester 8,’ Man. (TX) 
Hristol Co.. Waterbury 26. Conn Phelps-Dodge Copper Products Corp., Fort 
Mailers # ©o.. Inc., P. B., Indianapolis Wayne, Ind. (ABCTX) 
. Rockbestos Products Corp., New Haven 4 
WAXES and COMPOUNDS —uas 
Here are miniatur iti _ Bakelite Co.. A Div. of Tinton Carbide Roebling’s Sons Corp., John A. Sub of 
iniature sensitive relays single or - en tn. fe ee Colorado Fuel & Iron Corp., Trenton 
double-pole types—which fullfill the most rigid New York 17. N. ¥ ee 3 
. Riwax Corp.. 3445 Howard. Skokle. Ti Rome Cable Corp., Rome, N. ¥ (BTX) 
requirements of space, shock, temperature and Dew Corning Corp., Midland Mich Royal Electric Co., Inc., Pawtucket, RB. I 
. na ler . (ABT) 
vibration in both commercial and military ap- | pyr, hy" Pieiafeld Mate oY | U8. Rubber Co., Rockefeller Center, New 
lications. The Series 100—105—1 Mica Insulator Co., Schenectady 1. N. Y. York 29, N. 2. . 
P 06 relays are Minnests Mining & Mie Co, Flestrion Whitney Blake Co., New Haven 14, Cono 
ermetically sealed and have a long service Products Div., 900 Fauquier Ave., St. WIRE FORMS. See Springs. Coil & 
. Paul 6. Minn 1 St i Metal 
TEMPERATURE life expectancy. For full particulars write for Zovhar Mills, Inc., 112-180 26th, Brooklyn a ve 
Bulletin SR— 2 82, N. Y. WIRE, MAGNET 


‘ : 255 _N 
WEDGES and PEGS. ARMATURE Se Sh Se Se fee. ee 


Insulation Manufacturers Corp san Ww Anaconda Wire and Cable Co., 25 Broad 
Warhingeton Blvd... Chicago 6 IN way, New York 4, N. Y¥ 
‘ Mica Insulator Co.. Behenectady 1 WY Belden Mfg. Co.. 4633 W. Van Buren 
Engineering 


National Vuleanized Fibre Co., Wilming Chicago 44, Til 
i RELAYS ton 99. Del Chase Brass & Copper Ce., Waterbury 26 
representatives ' 


Conr 
WELDING EQUIPMENT Esser, Wire Corp.. Magnet Wire Div 


i General Wlectrie Ce. Apparatue Gale Fort Wayne 6, Ind 
“! , yi! Div., Behenectady 5 n'y Are) General Cable Corp., + Lexington Ave 
orotic nied ; Revere Conner & Brass Ine 0 a New York 17. N 
principal cities N Ave New York 17 WN. OY = Ps General Electric Co Aoperetus Sales 
Ninttek Corn. 258 Haletead Ave., Div., Sehenectady 5, N 
dere ® Calif none - Pace Hitemp Wires, Inc., 26 Windsor Ave 
Westinghouse Blectric Corp PO Re Mineola, N.Y 
2025. Ruffalo 6 N. VY. (Wlererr’ Phelps. Dodge Copper Products Corp, Ince 
Manufacturing Div.. Fort Wayne. Ind 
WELD NUTS. Ree Fasteners Rockbestos Products Corp., New Haven 4 
Conn 
WHEELS, BLOWER Roebling’s Sone Corp John A Bub. of 
Torrington Manufacturing Co.. Torringte Colorado Fuel & Iron Corp., Trenton 2 
Conn N. J 
Rome Cable Corp . Rome, N. Y 
WINDING MACHINES. See Coil Wing Sprague Electric Co., 307 Marshall, North 
ina Machines Adams. Mass 


WIRE, MAGNETIC RECORDINGS. fee 
WIRE and CABLE, BARE Magnetic Recorder Components 
Alloy Metal Wire Div H. K. Porte * 
. high Rrade board f Co., Inc., of Pittsburgh, Prospect Pars WIRE, RESISTANCE 
electric w Pa Alloy Metal Wire Div.. H. K. Porter Co 
ical Nsulatj American Brass Co. Waterbury 20 Conn Inc. of Pittsburgh. Prospect Park, Pa 
posse on, American Steel & Wire Div., U. 8. Stee’ Rristol Co., Waterbury 20. Conn 
rssing high tensile oo" Rockefeller Bidg., Cleveland 18 Driver Co. Wilbur B., 150 Riverside Ave 
Cate Newark 4, N.J 
and dielectric Strength Anaconds Wire and Cable Co, 25 Brosé Driver Harris Co. Harrison NJ 
Used in a | ie at a ESet % v, Ney Co, J. M., 871 Fim. Hartford, Conr 
of pu a variety Conn. se + Waterbury 8 Vine CUTTERS and STRIPPERS. Se: 


nch Cornish Wire Co., ; : Strippers, Wir 
NBS and other ee Wie & Ine., 50 Church, New 


insul y . WIRE CUTTING PLIERS and TWIST 
ating applications. Bogs Wie ore Magnex Wire Div.. For ERS. See Pliers & Cutters, Wire ‘ 


General Cable Corp., 420 Lexington Ave > MAC ES. See Mark 
New York 17. N.Y WiRe MARKING M CHIN 


Machine & re 
General Electric Co.. Construction Mate o— 


rials Div Bridgeport 2, Conn WIRE STRIPPERS. Sev ripper Wir 
Page Steel & Wire Div.. American Chatr 
& Cable Co.. Monessen, Pa. (Stainless WIRING DUCTS. & Ducts, Wir 


or Carbon Steel Armature Bending) . cece ' 
PD Pheips-Dodee Copper Products Corp.. For WIRING HARNESSES. % Harne 
Warne. Ind Assem! Wir 
’ Roehiing’s Bons OCorp.. John A. Bub WORMS and WORM WHEELS. See Ge 


Fd - - j Guterate, Fuel & Iron Corp., Trento & Pintor 
y V ’ d ‘ 
il ab eee an extremely hard and Rome Cahle Corp.. Rome, N.Y WRENCHES, SOCKET SCREW 
dorket 1 renches 


tough board of superior eS. Gia >? 


e . Syivania Mlectric Products Ine. 740 Broed . AIDING d SERVING. Se« 
Fibre Board heii wey. New York 18. N.Y YARNS, BRAIDING an 


leading manufacturers “9 | WIRE and CABLE, INSULATED ZINC 


of electrical equipment Asbeotes (A) New Jersey Zine Co., 160 Front, New York 
B 7, N 
ae sete. le to replace the more ex. _— ad ’ 


pensive types of insulat : : 
SE inn mal “ Reader Inquiry Service 
& materials Postcard return cards are provided just preceding back 
cover aS a convenience to the reader in obtaining 


New Components and Materials 


Screw 


Additional data from the supplier of any item reviewed 


Literature for the Asking 
A copy of any manufacturer's publication reviewed 


mt ANY Feature Article Reprints 
| Single copies of 
Chicane | 


selected feature articles 


SE Ta ie laa 


Advertised Products 
More information on any product or service described 
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JAEINZE 


Re Aas 


ATA 
HA 


mininoise 
l I i For large photo darkrooms, laboratories, refrigeration units, 
ACTUAL SIZE! air conditioning equipment, furnace draft boosters and similar 


equipment 


For cooling electronic tubes in transmitters 


US MEU RLY nid dixthereny euatamant 


by Microdot, is ideal for 
low signal levels and high 
impedance terminations. In 
Teme ee 
noise reduces noise 99 
— a LIM mee id 
Pm me ei 


Lita ied eds 


826 FREMONT STREET 
SO PASADENA * CALIF 


induction heaters 


PETTITT TILL LLL Le 


For advertising displays and many other uses 


Battery-operated for cars, trucks, boats 


and othe portable 
installations 


VARIOUS MOUNTING DEVICES 
The Heinze catalog describes all types in detail 


Heinze Electric Co 


685 Lawrence Street 


ate ee ee ee Sees ee eeeseseeees® 


eeececeteceesree 


reece eeeestees 








FOR IMPREGNATING 
coils, wire coverings, paper forms, 
porous ceramics, etc 


FOR SEALING 

condensers, batteries, exposed ter 
minals, etc 

FOR DIPPING 

electrical component assemblies io 


cluding corona loss barrier mate 
| 
riais 


FOR POTTING 
transformers and electrical com 
ponent assemblies with varying 


degrees of heat conductivity 
FOR BLENDING FOR ENCAPSULATING 


to your specifications. Data coils, electrical component assem 
and samples furnished upon blies requiring higher thermal and 
request moisture resistance 


BIWAX CORPORATION | 
3443 HOWARD ST. SKOKIE, ILLINOIS 





Electrical Engineers 


Assistants to project engineers will be interviewed. 


Well rounded men having 3 to 4 years experience, 
BS degree, interested in design of specialty trans- 
formers and voltage regulators needed. This is an 
opportunity to work in New England with a smaller 
company. Send complete resume including educa- 
tion, experience, salary and history to: 


UIT 
MUR 


William P. Carpenter 
The Superior Electric Company 
Bristol, Connecticut 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





no place for 
do-it-yourself 


commutators 
are our business 


Why get all tied up in the intri 
cacies Of commutator building? 
We have the experience, all the 
materials, and the facilities to 
Sizes 7/16 


to 4° diameter, Our plant is mod 


build any quantity 


ern and designed specifically for 
the economical manufacture of 
commutators and slip rings. You 
get custom quality at production 
line cost 

Delegate your commutator 
and slip ring manufacture to spe 
cialists. Reap the benefit of lower 


costs and on-time delivery 


et dd ta 


Electric Products Co. 


INDEX TO ADVERTISERS 


To communicate with a‘vertisers either write direct or use postcards furnished 
expressly for that purpose which appear just preceding back cover 


AGA Div., Elastic Stop Nut Corp. of 
America 

Abbott Ball Co., The 

Acadia Synthetic Products Div. of Western 
Felt Works 

Acme Electric Corp 

Acro Manufacturing Co., Acro Switch Div 

Adams & Westlake Co., The 

Admiral Corp 

Acrovox Corp 

Aircraft-Marine Products, Inc 

Akron Porcelain Co., The 

Allegheny Ludlum Steel Corp 

Allen-Bradley Co 

Allen Manufacturing Co 

Allied Research Products, In¢ 

Allis Co., The Louis 

Allis-Chalmers, General Products Div 

Alloy Metal Wire Div., H .K 
Inc 

Alpha Molykote Corp., The 

American Brass Co., The 

American Felt Co 

American Nickeloid Co 

American Phenolic Corp 

American Steel & Wire Div 
Steel Corp 

American Television & Radio Co 

Anaconda Wire & Cable Co 

Appleton Electric Co 

Armstrong Cork Co 


Porter Co., 


United States 


Industrial Div 

Arnold Engineering Co., The, Sub. of 
Allegheny Ludlum Steel Corp 

Artos Engineering Co 

Associated Spring Corp 

Astron Corp 

Automatic Blectric Mfg. Co 

Automatic Electric Sales Corp 

Automatic Switch Co 


B-G-R Cook Plant, Div. of Associated 
Spring Corp 

Bakelite Co., A Div. of Union Carbide and 
Carbon Corp 440, 

Barber-Colman Co 

Barnes Co., Wallace, Div. of 
Spring Corp 

Barnes-Gibson-Raymond Div. of Associated 
Spring Corp 

Beaver Gear Works Inc 

Belden Manufacturing Co 

Bellows Co The 

Bentley, Harris Manufacturing Co 

Biwax Corp 

Bodice Flectric Co 

Borthig Co., Ine 


Associated 


, George 

Bowmar Instrument Corp 

Bradley Laboratories, Inc 

Brainin Co., C. § 

Brand Co., The William 

Bruning Co., Inc., Charles 153, 

Brush Electronics Co 

Buchanan Electrical Products Corp 
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where performance ts paramount 


bresonted ~ A. W. HAYDON CO. 


6400, 11400, 24300 Series . 

DC, 400 cycle. 

Clutch-driven lever action. Time de- 
lay settings from 2 seconds to 3 hours. 
Where necessary, switching provided 
from 15-100% of overall interval. 
Normal time settings within + 10% 
of rating at rated voltage. 

Short interval timings designed for 
$600 or 5800 governed DC motors. 
Accuracy adjusted for 60 or 400 
cycle synchronous motors, 5300 DC's, 
and chronometrically governed DC 
motors. 

Repeating Accuracy specified 
of overall interval. 

Flexible design to meet all require- 
ments, including multiple switches. 
Filtering provided for DC motors to 
meet MIL-I-6181 specifications. 
Choice of Flange or Stud mounting. 
Aluminum hermetic enclosures evacu- 
ated, flushed, and filled with dry 
Nitrogen. Glass seal headers or AN 
connectors. All military 
mental specifications met. 
Standard unit withstands vibration of 
5-55 CPS at 10g maximum accelera- 
tion. 
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© 3600, 13600, 24400 SERIES DIRECT CURRENT 
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RANGE OF CYCLING TIMES AVAILABLE @ 
ONE TO TEN SWITCHES @© MEET MILITARY 
ENVIRONMENTAL SPECIFICATIONS @ FILTER- 
ING TO MEET MIL-I-61818 OPTIONAL ON DC 
UNITS © WIRING DIAGRAM ON CASE 
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3600, 13600, 24400 Series . . 

cycle. 

Motor-driving cam shaft principle actuates 

switches in accurately repeating sequence. 

Motor output speeds: 10 RPM—J1 revol. 
per 2 hrs. in 5300 and 5600 series. 

1 revol. per 40 minutes for 5800 series. 

1 revol. per day for 60 cycle type. 
Cutting and setting of cams tailored to your 
specifications. 

Accommodates up to 10 switches. 

DC Motors protected against reversed polar- 
ity. Filtering provided to meet MIL-I-6181 
specification. 

Choice of Flange or Stud mounting. Alumi- 
num hermetic enclosures evacuated, flushed, 
and filled with dry Nitrogen. Glass seal 
headers or AN connectors for external con- 
nections. Meet military environmental spe- 
cifications. 

Standard unit withstands vibration of 5-55 
CPS at 10g maximum acceleration. 
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Page 152 

The editors present the latest 
developments in products that 
are designed into or become in- 
tegral parts of the products 
made by ELECTRICAL MANU- 
FACTURING readers. 

New or improved end prod- 
uct designs often have their be- 
ginning in new developments in 
components. Realizing the im- 
portance of readers keeping 
posted on all such new compo- 
nents, the editors have scanned 
the field, by personal contact 
and by mail, to present only 
that which is new. 
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have made great contributions 
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available to ELECTRICA 
MANUFACTURING readers 
most usable and valuable data 
pees in interesting book- 
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rinted pieces. These are often 
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ings. To get data pertinent to 
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circle numbers and receive liter- 
ature for immediate study and 
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for GEARMOTORS 


Because... 


With five types of 
parallel and right angle 
Gearmotors, Master has 
the flexibility and choice 
of design you need for 
selected output speeds. 


. With electric motor and gears 





combined into a compact, 
integral power unit, you 
reduce costs and increase 
efficiency through elimination 
of belts, couplings, chains, 
sprockets, external bearings 
or separate reducers. 


Available in sizes from 1% to 
125 H.P. You can integrate 
with the gearmotor electric 
brakes——3 types of variable 
speed units and fluid drive 
in any combination. 
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for warm-air 
and household heating applications 
new STEMCO 


TYPE D THERMOSTATS 


New Stemco Type D Thermostats give laundry dryers, 
furnaces and warm-air equipment snap-action control—at 
a competitive price. Two basic styles available: exposed 
bimetal for rapid response, enclosed bimetal for dust or 
lint-laden atmospheres. Each is furnished for two or four- 
hole mounting, either with spade or screw-type terminals. 
Listed by the Underwriters Laboratories for operation 
to 300° F. 

If your product uses thermostats, check Stemco 
Thermostats first. You'll get more thermostat for your 
dollar . longer service-free life for your product 
more satisfied customers. AA-2339 
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